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PREFACE. 



The object of this book is to give a short but 
thorough course in inorganic qualitative analysis 
for the use of students who have' only a limited 
time to devote tp the subject. 

Experience has shown that Fresenius' manual, 
while invaluable as a work of reference, is too 
complicated and voluminous for the beginner, the 
great mass of information there given confusing 
him, and he becomes discouraged at his inability 
to assimilate it. 

In preparing the present work the idea has 
been, while still following the general plan of 
Fresenius, to give only that which seemed essen- 
tial to a clear understanding of the subject aud to 
make it as concise as possible. For this reason 
MS only the more important reactions of the different 
" metals and acids have been given, and the separa- 
^ tions ai*e presented in the form of scbeme^ aee.o\£v.- 
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paiiied by explanatory notes, and tables of scLeme 
reactions. The latter have been found of much, 
benefit in helping the student to understand the 
various reactions taking place in an analysis, as 
they show at a glance the effect produced by each 
reagent used. 

In the notes the aim has been to call attention 
to likely sources of en*or, and to give any expla- 
nations as to conditions, etc., that seemed neces- 
sary. 

The separations used differ in some cases from 
those of Fresenius, pai'ticularly tlbe separation of 
tlje first four groups in presence of phosphates, 
and that of the third and fourth with potassium 
hydrate when chromium is present ; also the 
scheme for the detection of the acids. All of these 
methods have been thoroughly tested in the labo- 
ratory by large numbers of students, and found to 
be very reliable and less complicated than those 
in general use. 

Chemical equations are freely used to explain 
' the various reactions taking place in the individual 
tests as well as in the separations. In the introduc- 
tion a short explanation is given of these equa- 
tions and how to write them ; also the definitions 
of certain terms. This, of course, belongs more 
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properly to general chemistiy, but experience has 
proved the average student to be woefully igno- 
rant in this respect, and a brief exposition of the 
subject seemed necessary. 

No attempt has been made to give full 
description of apparatus, it being considered 
better for the teacher to do that in the class-room, 
and he can at the same time perform any of the 
more difficult tests that may seem to require such 
demonstration. 

There are some who consider it simply a waste 
of time to beo:in with the individual reactions of 
each metal before taking, up the separations, but 
it certainly seems more logical to first study the 
reactions of the different elements group by 
group, and then proceed to separate them, rather 
than to reverse this order and begin with the 
separations. By restricting the tests to be per- 
formed to those actually used in the analysis the 
number made will not be very large. If time 
permits these may be increased later on by mak- 
ing use of other methods of analysis, thus bring- 
ing in new reactions, but this should not be 
attempted until the student is thoroughly familiar 
with at least one good method of separation for 
all the bases and acids. The work can \>^ xsi^^'^ 
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more interesting by giving out for analysis as 
many natural or commercial products as possible, 
Hucli as ores, alloys, etc. This can be done 
almost from the first by beginning with sucb 
min<uvil8 as calcite, dolomite, etc., and as the work 
1 »rogreHHe8 tliose containing a greater number of 
baHes can be givenj care being taken, however, 
to give only tliose compounds that are easily 
soluble in acids, and whose acid radicals do not 
intiu'fere with the analysis. By thus making 
2)ractical application of his knowledge the in- 
terest of the student is excited, and his work 
b(iCom<^s a pleasui'e rather than a task. 

J. S. C. Wells. 

Columbia University, April, 1898. 
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QUALITATIVE ANALYSIS. 



INTKODUCTION. 

There are two principal divisions of analytical 
chemistry, viz., qualitative analysis and quantita- 
tive analysis. 

The foimer, as its name implies, is an analysis 
or separation to determine the quality of an 
unknown substance, that is, the constituents con- 
tained in it. The object of quantitative analysis, 
on the other hand, is to deteimine the quantity of 
each of the various constituents present. 

For an intelligent study of qualitative analysis 
it is very necessary that the student have some 
knowledge of general chemistry. In his work in 
the laboratory, order, neatness, and absolute clean- 
liness in regard to apparatus are very essential to 
success. Skill in manipulation comes naturally to 
some, and all may acquire it to a greater or less 
degree by practice. 

The success of an analysis also depeuA^ Ncr^ 
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greatly on the care and forethought exercised by 
the student in performing the various operations 
that are called for in the course of his work. He 
should make it a rule never to attempt any test 
or separation until perfectly familiar with the con- 
ditions necessary for a successful performance of 
the operation in hand. Before adding any re- 
agent, let him stop and ask himself the question, 
" Why do I add this, and what is it expected to 
do?" If he can answer this question, then let 
him use it in the way best suited to produce the 
desired result; if not, he should go no further 
until he understands fully the reasons for its use. 
This is a common fault with very many 
students ; they perform a certain operation in a 
certain way because their text-book says so, but 
further than that they know nothing about it, and 
are perfectly satisfied if by chance they get cor- 
rect results. If they would only remember that 
the object in making all these tests and separa- 
tions is to make them familiar with certain chem- 
ical facts and their application, they would per- 
haps realize that the first and most important 
point in any analysis is a thorough knowledge of 
the principles involved. Connect results will soon 
follow when this has been gained. 



Section I. 

THE METALS AND THEIR 

REACTIONS. 

It has been found most convenient in analysis 

« 

to treat the bases and acids separately. 

In inorganic chemistry the bases comprise the 
metals, and the acids the non-metallic elements 
(with a few exceptions). 

Experiment has shown that certain bases or 
acids act in the same manner when brought in 
contact with some particular substance of known 
composition. By making use of these substances, 
or reagents, as they are called, we are enabled to 
separate the metals and acids into groups. These 
groups can then be subdivided and separated into 
their several constituents. This grouping of the 
different elements is of great advantage, for it is 
obvious that if we add a group reagent and get 
no precipitate, the group of substances affected by 
this particular reagent cannot be present, and no 
further testing for them is necessary. 
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The classification of the bases adopted in this 
book is as follows * 

First Group (Potassium, Sodium, and Ammo- 
nium). — ^These metals form very few insoluble 
compounds, and, are not precipitated by any of 
the reagents used to throw down the metals of the 
other groups. 

Second Ormtp (Barium, Strontium, Calcium, and 
Magnesium). — This group is distinguished from 
the first by the insolubility of its normal carbon- 
ates and phosphates, as well as other salts, and 
from the succeeding groups by the fact that it is 

not precipitated by either hydrosulphuric acid or 
ammonium sulphide. 

Third Group (Aluminium, Chromium, and 
Titanium). — These metals are not precipitated by 
hydrosulphuric acid from acid solution, and with 
ammonium sulphide in neutral solutions yield 
precipitates of hydroxide. 

Fourth Group (Iron, Manganese, Zinc, Cobalt, 
and Nickel). — ^The metals of this group are not pre- 
cipitated by hydrosulphuric acid from solutions 
acid with the mineral acids. Ammonium sulphide 
in neutral or alkaline solutions precipitates them 
as sulphides. 

Fifth Group (Silver, Lead, Mercury, Bismuth, 
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Copper, and Cadmium). — Precipitated as sul- 
phides from alkaline, neutral, or acid solutions by 
hydrosulphuric acid. The precipitate is insolu- 
ble in ammonium sulphide. 

Sixth Grovp (Tin, Antimony, Arsenic, Gold, 
and Platinum). — Precipitated by hydrosulphuric 
acid from acid solutions. The precipitate is solu- 
ble in ammonium sulphide, which distinguishes 
this group from the third, fourth, and fifth groups. 

We might at once proceed to the separation of 
the metals into the different groups just men- 
tioned, but this would be of no advantage until 
we know something of the individual character- 
istics of the various members of each group. 
Until these have been studied we are in no posi- 
tion to distinguish the several metals from each 
other. Before taking up this portion of our work 
it will be well, however, to give a little time to 
the explanation of certain terms that are frequently 
used, such as base, acid, etc.,* aud to the study of 
chemical equations. 

If we examine the two compounds hydrochloric 
acid (HCl) and potassium hydroxide (KOH) we 
find that they differ very decidedly from each other. 
The fonner has an acid or sour taste, and changes 
the color of many vegetable substances. T^ie \aV 

*For B more complete explanation of these terms see "Remsea'a 
"Tbeoretical Cbemistiy,^ 
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ter has an alkaline taste, and restores the color of 
vegetable substances that have been changed by 
the acid. Their characteristics in every way are 
opposed one to the other, and if they are brought 
together they neutralize each other, yielding a 
compound possessing none of the characteristics 
• of either the acid or the hydroxide. These two 
compounds serve to represent the two great classes 
of compounds called acids and bases. Besides 
the two just mentioned, there are many others 
whose characteristics are equally distinct and 
which are easily placed in one class or the other. 
There are some substances, however, whose prop- 
erties are not so decided and which act as acids 
towards some bases and like bases towards some 
acids. 

Like hydrochloric acid, all acids contain hydro- 
gen, which hydrogen is replaceable by a base. 
Some acids contain besides this hydrogen a cer- 
tain paii; that is not so replaceable : such, for ex- 
ample, is acetic acid, H(C2H302), in which three 
of the hydrogen atoms cannot be replaced by 
metals. 

In acids containing oxygen the acid hydrogen 
is supposed to be in combination with one of the 
oxygen atoms as hydroxy 1 (OH), and it is only 
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the hydrogen so combined that is replaceable by 
bases. In sulphuric acid we have two hydroxyls 
and two replaceable hydrogen (S02(OH)2 or 
H2SO4), in phosphoric acid three, in silicic acid 
four, etc. 

Acids containing one replaceable hydrogen are 
called monobasic, those having two are said to 
be dibasic. There are besides these tribasic and 
tetrabasic acids. 

liases. — As already stated, the bases have prop- 
erties just, the reverse of the acids. Among the 
inorganic compounds they usually consist of hy- 
droxyl in combination with a metal (except 
NH4OH), as KOH, NaOH, Ba(0H)2, etc. 

The chief characteristic is their power of com- 
bining with acids to form neutral compounds. 

Salts. — ^When an acid and a base act on each 
other they neutralize each other's propeities to a 
greater or less extent. In the case already given 
of hydrochloric acid and potassium hydroxide we 
have a complete neutralization and the formation 
of a neutral substance possessing nope of the char- 
acteristics of either the acid or the base. This 
substance is called a salt. Its formation may be 
represented by this equation : 

KOH + HCJ = KCl + H,0. 
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In the case of a bibasic acid, such as sulphuric, 
we may get either a neutral or an acid salt : 

2K0H + H,S04 = K^SO^ + 2H2O ; 
KOH + H,S04 = KIISO^ + H,0. 

The fii*st K0SO4 is called a neutral oi* normal 
salt. It is a salt formed by the displacement of 
all of the acid hydrogen of an acid by an equiv- 
alent amount of base. The second KHSO4 ^^ 
called an acid salt because it still contains hydro- 
gen that may be replaced by a base. 

Tri- and tetrabasic acids also form acid salts. 

It is well to remember that normal salts are not 
always neutral to test-paper. 

A strong acid in combination with a weak base 
gives a salt that turns blue litmus red, and a strong 
base in combination with a weak acid has the re- 
verse effect, turning red litmus blue. 

Besides normal and acid salts, there is still 
another class called basic salts. These are the 
reverse of the acid salts — that is, they contain a 
greater amount of base than there is acid to neu- 
tralize. Magrjesium affords a good example of 
such a salt. The normal carbonate has the com- 
position MgCOa, but besides this it forms basic 
carbonates, as 4MgC03Mg(OH).^. This compound 
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etill contains basic hydroxy 1, and for this reason it 
is called a basic salt. 

We have already had occasion to use chemical 
formulas and equations, and a little time will now 
be given for a brief explanation of their signifi- 
cance. 

CHEMICAL REACTIONS. 

All chemical changes may be expressed by 
means of reactions written in the form of an 
equation, e.g. : 

BaCl^ + Na,S04 = BaS04 + 2NaCl. 

Now let us examine this equation and see what 
it is intended to express by it. In the first place it 
is a kind of shorthand for chemical names ; instead 
of writing out the words " barium chloride " we 
denote it much more easily by using the chemical 
symbol belonging to each element contained in the 
compound. Thus in the example given Ba stands 
for barium and CI for chlorine. Perhaps you may 
ask why we write it BaCl^ and not simply BaCl. 
This brings us to another important property of 
symbols, viz., that they not only represent the 
elements themselves, but they also represent their 
atomic weights, as compared with. t\i^ a\o\xi o\ 
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hydrogen whicli is taken as the unit. Now in the 
example under discussion it has been found by 
quantitative analysis that it contains 137 parts by 
weight of barium and 71 parts of chlorine. The 
weight of the barium atom has been found to be 
137 times that of the hydrogen atom, hence in this 
compound we have an amount of barium equal to 
one atom. The chlorine atom has been found to 
be 35.5 times as heavy as that of hydrogen, hence 
if BaCljj contains 71 parts of chlorine to one 
barium atom (137) it must contain 71 -t- 35.5 
(weight of 1 atom of chlorine) equals 2 atoms of 
chlorine. 

This we denote by writing the figure 2 at the 
lower right-hand corner of the symbol of the ele- 
ment ; hence we see that BaCl^ means in the first 
place the chemical compound barium chloride; 
secondly, that it represents definite weights of the 
constituent elements, and also the number of atoms 
of each element in the molecule, or at least their 
relative proportions. 

When a number is written before the symbol 
representing a molecule, as 2NaCl, it means two 
molecules. 

If we should perform the chemical operation 
expressed by the equation given, we would find 



CHEMICAL REACTIONS. 11 

that 208 (Ba 137 + C1,71) parts by weight of 
barium chloride and 142 (Na, 46 + S 32 + O4 64) 
parts of sodium sulphate would produce 233 (Ba 
I37 + S32 + O464) parts of barium sulphate 
and 117 (2(Na 23 + C135.5)) parts of sodium 
chloride. 

It should be remembered in all equations repre- 
senting chemical change, that the number of atoms 
on one side of the equation must be exactly equal 
to those on the other ; nothing can be gained or lost. 

Having gained some idea as to what an equa- 
tion means, let us see if they differ from each other 
in any important respects. 

In the equation cited it is evident that we have 
a simple interchange of the elements contained in 
the two substances used, the barium replacing the 
sodium and the sodium the barium. Such a trans- 
position is called metathesis, and to this class of 
equations belong a very large number of chemical 
reactions. 

It is a general rule, that if we mix two solu- 
tions capable of forming by exchange or transpo- 
sition a compound insoluble in the mixture, such 
insoluble compound will be produced and precipi- 
tated. In the case just given, although BaClg and 
Na^S04 are both soluble in water, yet NvVvevi nsi^ 
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mix them BaS04 is precipitated, because it is in- 
soluble in water. 

Other forms of chemical change are those of 
combination or synthesis, as * 

H^ + Gk = 2HC1, 
2C+02 = 2CO; 

those of dissociation or analysis, as 

CaCOa (on ignition) = CaO + COg, 
2AuCl8 " =2Au + 3Cl2; 

and those of oxidation and reduction, the latter 
two representing a very important series of reac- 
tions. Oxidation, strictly speaking, would mean 
an increase in the quantity of oxygen contained in 
a body, but the term is often used when oxygen 
takes no part in the work, as when FeCl^ is 
changed to Fe;2Cle by means of chlorine : 

2FeCl2 + CLj = Fe^Cle. 

Although oxygen does not enter into the reaction, 
we say the FeCl^ has been oxidized — meaning that 
it has been changed from a salt corresponding to 
FeO to one corresponding to FcgOa. 

* Generally in these reactions there is dissociation as well as com- 
bination. In the example given the molecules of hydrogen, chlorine, 
and oxygen must split up into separate atoms before combining. 
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As an example of an oxidation equation let us 
take the one showing the oxidation of FeS04 to 
^62(804)3 by KgMn^Os* and H2SO4: 

5Fe2(S04)2 + K2MnA+ 8H2SO4 = 
5Fe2(S04)3 + K2SO4 + 2MnS04 + SH^O. 

In order to write such an equation as this, it is 
necessary to know, first, how much oxygen is 
needed to change the body from the lower oxide 
to the higher ; second, how much oxygen we can 
get from each molecule of our oxidizing agent 
and what are the by-products formed by the reduc- 
tion or decomposition of the latter ; also what are 
the other products, if any, that are formed by the 
chemical changes going on. In order to deter- 
mine the amount of oxygen necessary, we will 
first examine the composition of the body to be 
oxidized, FeS04. 

Ferrous sulphate probably contains two atoms 
of iron in the molecule, as shown in the following 
graphic formulae : 

^^ = ^ Ferrous ^^ = ^^^ Ferrous 

Fe = O ^^'^^ Fe = SO4 Sulphate 

* Also written EMnOi. 
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The composition of ferric sulphate, the product 
of the oxidation, is shown by the following 
formulae : 

qA^ = ^ Ferric g^ A^ = ^^^ Ferric 
^Fe = ^^^^^ '^Fe = S04 sulphate. 

On comparing the formula for ferrous oxide 
with that for ferric oxide, we see that in the re- 
action every molecule of the former has taken up 
one more atom of oxygen in order to become fer- 
ric oxide, or, in other words, the ferric oxide con- 
tains one more atom of oxygen in the molecule 
than does the ferrous ; hence every atom of oxygen 
yielded by the oxidizing agent will oxidize one 
molecule of ferrous oxide (Fe^Og) to feriic oxide 

(Fe,03). 

Next let us see in what way the permanganate 

acts with the sulphuric acid. It has been found 
that it is decomposed or reduced, when in pres- 
ence of an oxidizable substance, as shown in the 
following equation : 

KoMn A + 3H,S04 

= 2MnS04 + K2SO4 + 50 + 3HA 

From this we see that every molecule of the 
K2MiiJ^Q will yield five atoms of oxygen, free to 
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enter into combination with the iron, and we have 
already determined that each molecule of ferrous 
oxide (FCjjOg) requires one atom of oxygen to 
change it to ferric oxide (FegOg) ; hence five 
atoms of oxygen will oxidize five molecules of the 
Fej,02 to FcaOg. Next, how much H2SO4 will be 
needed besides that already contained in the fer- 
rous sulphate. Ferric oxide when it combines, 
with H2SO4 does so in the following manner : 

FeA + 3H2SO4 = Fe,(SO,), + SH^O. 

Hence it is evident that for each molecule of 
FcgOg we shall need three of H2SO4 ; but as there 
are already two molecules present in the ferrous 
sulphate, we shall actually need but one more for 
every molecule of iron oxidized ; and for five, the 
amount oxidized by one molecule of KgMngOg, 
five H8SO4 will be required — making eight in all, 
with the three needed for combination with the 
potassium and manganese of the permanganate. 

We have now determined the quantities of each 
reagent taking part in the reaction, and also the 
quantities of the products. 

We will now take another reaction, in which 
at first sight the action of the oxidizing agent is 
not so plain. If we heat chromic liydTox\Si'^ Vv^ 
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A Nolution of sodium carbonate and bromine, the 
rhroiuiuin will be oxidized to chromic acid, al- 
tlioufjfli, of course, the bromine itself contains no 
oxygt^n. Let us first write down the substances 
taking part in the reaction and the products 
fornuul : 

(Jr«(()H)fl + NaaC08 + Br 

•= 2Na«Cr04 + NaBr + CO^ + H^O. 

'V\\i^ Hul)Ntanoe to be oxidized, Cr2(0H)e, con- 
nIhU of (JpyOa -|- iUIjjO ; the result of the oxida- 
til III, Na/Irt)^, consists of NagO + CrOj. As the 
nioltuMih^ of t'r^(OII)fl contains two atoms of chro- 
niiutn, wti must, if nil the chromium is oxidized, 
j)ro(luc(j two molecules of Na2Cr04. 

In Nas,0rO4 the CrOa is the acid anhydride, and 

Jt lia« formed the salt by acting on NagCOg as fol- 

lowN : 

Na^COa + OrOa = Na,Cr04 + CO^. 

We see, therefore, that the product of the oxi- 
ilfttion is really CrOa and that the NajCr04 results 
from the action of the CrOj on Na^COg. Now^ if 
we Htart with a molecule of Cr^Oa and obtain as a 
result of the reaction two molecules of CrOg, it is 
evident, as shown by the following formulae, 
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that the CrgOa has taken up three more atoms of 
oxygen in the change to 2Cr08; hence for every 
molecule of CrgOg oxidized we must have three 
more atoms of oxygen. How does the bromine 
furnish it ? It has been found that Br in alkaline 
solution acts as follows when oxidizable matter is 
present : 

SNa^COa + SBrjj = 6NaBr + SCO^ + 30. 

6 parts of bromine and 3 of sodium carbonate will 
thus give us sufficient oxygen for the oxidation of 
one molecule of Cr2(OH)6 to 2Cr08. 

The 2Cr03 formed then combines with more of 
the sodium carbonate to form sodium chromate as 
shown already. 

We will then need, besides the three molecules 
of carbonate that react with the bromine, two 
more to combine with the 2Cr03 , making five in 
all. Hence the complete equation will be 

Cr2(0H)« + SNa^COa + 3Br2 

= 2Na2Cr04 + 6NaBr + 5C0, + SH^O. 

An equation representing oxidation generally 
represents reduction as well — reduction meaning 
just the reverse of oxidation. In the case just 
considered, of the oxidation of ferrous »8X\.b> \s^ 
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permanganate, the latter is reduced — that is, loses 
oxygen and becomes manganous sulphate — while 
the iron salt is oxidized^ Sulphurous acid is a 
strong reducing agent owing to the facility with 
which it takes up oxygen and becomes sulphuric 
acid. This is shoAvn in its action on ferric salts; 
thus: 

Fe2(S04)8 + SO2 + 2H2O = 2FeS04 + ^^SO^. 

Stannous chloride (SnCL) is another active re- 
ducing agent. When added in excess to a solu- 
tion of HgClg it reduces the latter to metallic mer- 
cury; at the same time it is oxidized to SnCl4; 
thus: 

2HgCl2 + 2SnCl, = 2Hg + 2SnCl4. 

Many more examples showing oxidation and re- 
duction might be given, but sufficient have been 
shown to serve as types of all. 



FIRST GROUP. 

POTASSroM, SODIUM, AND AMMONIUM. 

CharaeterisUcs of the Group. — The chief char, 
acteristic of this group, analytically, is the fact 
that all its salts, with very few exceptions, are 
soluble in water. The normal carbonates of the 
group are the only ones of all the bases that are 
soluble in this menstruum. The solubility of the 
sulphides also serves to distinguish this group 
from all of the other groups except the second. 
The solubility of the hydrates is of great analytical 
importance, for owing to their exceedingly strong 
basic properties we are enabled to precipitate 
nearly all of the other metals as hydroxides, by 
the addition of one of these hydrates to a solution 
of the metal. 

Solutions of the hydrates and of the carbonates 
turn red litmus blue and turmeric paper brown.* 

* Litmus is a weak vegetable acid, dissolving in water to a red 
liquid. Its salts are blue. Litmus paper is colored with, the red 
solution of the acid or the blue solution of one of its saUe. 
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POTASSIUM. At. wt. 39.1 ; sp. gr. 0.865. 

Potassium is a white lustrous metal. It oxi- 
dizes very rapidly on exposure to the air, and 
if thrown on water it takes fire spontaneously, 
burning with a purple flame, and the water is 
found to have an alkaline reaction. 

2K + 2H2O = 2K0H + H^. 

Potassium should always be kept covered with 
petroleum to protect it from the air. 

Potassium hydroxide and its salts are not vola- 
tile at a dull red heat. As already stated, very 
few of them are insoluble, the only ones being the 
platinichloride, acid tartrate, silicofluoride, and 
potassium cobaltic nitrite. The first and second 
are the ones generally used as tests for potassium. 

Potassium Platinichloride {KJPtCl^. — If hy- 
drochloroplatinic acid be added to neutral or acid 
solutions of potassium salts, not too dilute, a yel- 
low crystalline precipitate of the platinichloride is 
formed. Very dilute solutions are not precipitated. 
The test is best made by adding hydrochloropla- 
tinic acid to the solution to be tested in sufficient 
quantity to give a yellow color, the solution is 
then evaporated on the water-bath nearly to dry- 
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ness, and alcohol added ; if any potassium is pres- 
ent it will be found as a yellow crystalline precip- 
itate. In case sodium salts are present care must 
be taken not to caiTy the evaporation to complete 
dryness, ioj^ sodium forms with the platinic salt a 
corresponding compound containing water of crys- 
tallization, which is soluble in alcohol so long as 
it retains this water, but if it be driven out by 
carrying the evaporation too far, then the sodium 
platinichloiide also remains as a yellow residue. 

2KC'l + HjjPtClfi = KgPtClft + 2HC1. 

* , f 

The precipitate is soluble in 110 parts of cold 
and in 19 of boiling water. In alcohol it is very 
much more insoluble, requiring 12,000 parts of 
absolute alcohol to dissolve it. 

On ignition it leaves a residue of potassium 
chloride, and platinum. 

Hydrogen Potassium Tartrate (^KHCJI^O^. — 
If tartaric acid be added to neutral or alkaline 
solutions (in the latter case the reagent must be 
added until the solution becomes acid) of potas- 
sium salts, a white crystalline precipitate of the 
acid tartrate is thrown down (a). The precipi- 
tate is soluble in the mineral acids (<?) and in 
alkalis (i). 
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(a) KCl + HAH4O, = KHC^H^Oe + HCl ; 
(5) KHCH^Og + KOH = K,C4H40e + H^O ; 
(c) KHC^H^Oj + HCl = KCl + H AH^Oc- 

Equations a and c are apparently contradictory 
but this is explained by the fact that in the test a 
the tartaric acid is added in excess (that is, more 
than sufficient to combine with the potassium), and 
in c the hydrochloric acid predominates. How- 
ever, owing to the solubility of the precipitate in 
hydrochloric acid, the reaction as given in a is 
never complete, some of the potassium always re- 
maining in solution. For this reason it is better 
to use as the precipitant a solution of hydrogen 
sodium tartrate, which forms in the reaction so 
dium chloride instead of hydrochloric acid. The 
sodium chloride has very little, if any, solvent 
action on the precipitate : 

KCl + NaHC4H406 = KHC^H A + NaCl. 

' , ' 

Whichever precipitant is used, the solution 
should be concentrated and cold. Vigorous shak- 
ing helps the precipitation very much. 

At 10° C. one part of the precipitate requires 
250 parts of water to dissolve it, but it is soluble 
in 15 parts of boiling water. 
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Flame Test. — If a drop of a potassium salt (best 
the chloride or sulphate) on the loop of a platinum 
wire be held in the outer flame of the Bunsen burner 
the flame will be colored violet. The presence of 
sodium salts prevents the color from being seen. 

By interposing between the flame and the eye 
a piece of deep cobalt-blue glass or an indigo 
prism the yellow sodium flame is cut off and the 
violet of the potassium is visible. 

SODIUM (Na). At. Wt. 23 ; sp. gr. .972. 

Sodium is a soft silver-white metal greatly re- 
sembling potassium in all its properties. The 
properties of the hydroxide and its salts closely 
resemble the corresponding potassium compounds, 
with very few exceptions. The sodium salts are 
even more soluble, there being only one that is at 
all insoluble in water, viz., the pyroantimonate. 

Sodium Pyroantimonate. — If a freshly pre- 
pared solution of potassium pyroantimonate* be 
added to a moderately concentrated solution of a 
sodium salt having a neutral or slightly alkaline 
reaction, a white crystalline precipitate of sodiunj 
pyroantimonate is thrown down more or less 

* Prepared by dissolving a little of the solid salt in hot water and 
filterin^^ from any insoluble residue. 
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(quickly, depending on the concentration of the 
li<|uid. By making the test in a watch-glass and 
stirring thoroughly with a glass rod the forma- 
tion of the precipitate is much hastened. 

Acid solutions should always be evaporated to 
dryness, if i)Ossible, to remove the free acid, or if 
this cannot be done they should be neutralized 
with potassium hydroxide or carbonate. Free 
acid decomposes potassium pyroantimonate, giv- 
ing a white amorphous precipitate of metanti- 
inonic acid (IlSbOa). 

In making this test no other salts than those of 
potassium and sodium should be present. 

In dilute solutions the precipitate will not form 
for a long time, often as much as 12 hours being 
n*(|uin*d. 

Sodium i)yroantimonate is soluble in 300 parts 
of boiling water. The following equatiou repre- 
sents its formation : 

2NaCl + KjHgSbA = Na^H^SbA + 2KC1. 

Flatne Test. — Sodium salts impart to the Bun- 
sen flame an intense yellow coloi*, even when pres- 
ent in very minute quantity. The presence of 
potassium salts does not interfere ^vith this test. 
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It must be remembered that the merest trace of 
sodium salt will color the flame yeUow. Simply- 
touching the platinum wire with the fingers, is 
suflScient to give a decided test. If the sodium 
compound is present in appreciable quantity it 
gives a color to the flame wkt^Jyi^* ik)t akkj^pieai* 
quickly. THESTUYVr"//:i i:;. 

AMMONIuM^I^S.' / » >^ 

Ammonium is known only m combination 
(e.g., NH4CI). Ammonia, NHg, is a gas at or- 
dinary temperatures, and is very soluble in water. 
In this solution it is supposed to exist as the hy- 
droxide NH4OH. On heating the solution the 
ammonia is set free again as gas. 

Ammonia combines with all the acids to form 
ammonium salts, e. g. : 

NH3 + HCl = NH4CI ; 
2NH3 + H,S04 = (NH4),S04. 

All ammonium salts are volatile at a low red 
heat, which is a distinction between them and 
sodium and potassium salts, the two latter not 
being volatilized at that temperature. 

The solubility of the ammonium salts corre- 
sponds very closely with those of potassium, the 
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only difficultly soluble ones being the platini- 
chloride, the acid tartrate, and certain mercuram- 
monium compounds. 

lAberation of AniTtionia Gas. — The most char- 
acteristic test for ammouium comi)Ounds depends 
on the fact that they easily evolve ammonia (NHj) 
when treated with suitable reagents. 

II an ammonium salt be tnturated with slacked 
lime and a few drops of water, or heated with 
solution of sodium or potassium, hydroxide, am- 
monia gas ia set free (cf and l>), which may be recog- 
nized by its pungent odor, by turning moistened 
red litmus paper blue, and by the dense white 
fumes formed when brought in contact with any 
volatile acid, as hydiMchloric, nitric, or acetic (r). 
This last test is best made by moistening a glass 
rod with a drop or two of the acid and holding it' 
over the test-tube or other vessel iu which the ex- 
periment ia being made. Hydrochloiie acid is the 
most sensitive in this way, but it nuist be remem- 
bered that the concentrated acid itself fumes iaj 
moist flir. For this reason, acetic acid is more 
liable. 

Another very delicate test for free ammonia, 
is to moisten a piiice of filter-paper with mercuroosi 
nitrate and hold this over the test-tube or beakt 
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in whicli the ammonia is being evolved. The 
paper will become black or gray, owing to the 
action of the ammonia on the mercurous salt (d). 

(a) 2NH,C1+ Ca(0H)2 



= CaClj + 2NHs + 2U.fi ; 

(i) NH4CI + KOH = KCl + NHs + HgO ; 

(c) NH3 + Ha = NH4CI ; 

(d) Hg,(NO,), + 2NH3 

= NHsHgjNOa (black) + NH^NOj. 

Presence of other bases does not interfere with 
the liberation of ammonia from its compounds by 
the hydroxides of the alkalis or alkaline earths. 

A.7nmonium PlaUnichloride. — Hydrochloropla- 
tinic acid precipitates ammonium salts under the 
same conditions as for potassium salts, giving a 
yellow crystalline precipitate, which is rather 
more insoluble than the potassium platinichloride. 
On ignition (best after addition of ammonium ox- 
alate) it leaves a residue of metallic platinum 
(distinction from the potassium salt). 

2NH4CI + H^PtClfi = (NH4)2PtCle + 2HC1. 

Hydrogen Ammonium Tartrate. — Hydrogen so- 
dium tartrate added to concentrated solution of 
ammonium salts gives a white crystaWiue i^x^cv^v 
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tate of hydrogen ammonium tartrate. Tartaric 
acid precipitati'8 only very concentrated solutions. 
The precipitate is much more soluble than the cor- 
n^Hponding potassium salt. 

NH,C1 + NaIIC,H,06 = (NH4)HC4H,06 + NaCl. 

JJimercurammoninm Iodide. — For all ordinary 
tests the reactions already given are sufficient, but 
in cases where it is necessary to test for exceed- 
ingly minute quantities of ammonia (as in potable 
waters) the Nessler test, as it is called, is the most 
delicate. This is made in the following manner : 
To the solution containing free ammonia or an 
ammonium salt is added a solution of potassium 
mercuric iodide containing an excess of potassium 
hydi'ate (Nessler reagent*). If the ammonia is 
present in any quantity a brown precipitate is 
formed, but in very dilute solutions it gives only a 
brown or yellow color. 

2(2KI, HglO + NH3 + 3K0H 

= NHg J, H,0 + 7KI + 2H,0. 

* Nessler's reagent is made by dissolving 16 grams of mercuric 
chloride in about 500 c.c. of water. Add this slowly to a solution of 
85 grams of potassium iodide in 200 c.c. of water, until a precipitate 
begins to form. Then add 160 grams of potassium hydrate and dilute 
to one litre. Finally, add strong solution of mercuric chloride until 
the red precipitate of mercuric iodide just begins to be permanent. 
Do not filter, but allow any precipitate to settle. 
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The presence of -salts of the alkalies (except 
cyanides and sulphides) does not interfere with 
this test, but care must be taken to see that the 
solution is neutral or alkaline before adding: the 
reagent. Salts of the alkaline earths should be re- 
moved by adding just sufficient of a mixture of 
about 1 part potassium or sodium hydrate and 
2 [)ai'ts of sodium carbonate to completely precipi- 
tate them. The precipitate is allowed to settle 
and the clear liquid tested with the Nessler re- 
agent. 



SEPARATION OF FIRST-GROUP METALS. 

We have found by our study of the several 
metals of the group that potassium and ammo- 
nium salts are both precipitated by hydrochloro- 
platinic acid and hydrogen sodium tartrate, so we 
cannot use these reagents as a distinctive test for 
either metal when both may be present in the 
same solution. Again, the test for sodium with 
pyroantimonate recjuires that no other salts than 
those of potassium may be present, and as it adds 
potassium to the solution, we cannot, of course, test 
in it for that metal. 

It is evident, then, that the first step in t\\^ ^^^- 
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aration will be to determine whether ammonium 
salts are present, and if found, to remove them by 
suitable means. 

The test with slaked lime or potassium or 
sodium hydrates affords us a ready means of test- 
ing for ammonia, the test being made on a sepa- 
i*ate portion of the mixture. If found, we can 
make use of the fact that ammonium salts are vol- 
atile on ignition, hj taking a fresh portion of the 
solution and evaporating to dryness and then 
iguitiug carefully until no more fumes of ammo- 
nia salts are given off. The residue will now con- 
tain only the sodium and potassium salts, and by 
dissolving it in a very little water and dividing 
into two portions we can test one with pyroanti- 
monate for sodium and the other with hydrochlo- 
roplatinic acid or hydrogen sodium tartrate for 
potassium. 

It is well to test the residue left after driving 
out the ammonium salts by taking a little of it on 
a platinum wire and making the flame test. This 
simple test will often show at once which metal is 
present; for instance, if it should give a violet 
flame, this would prove the presence of potassium, 
and it would be unnecessary to look further for 
sodium, as its flame would have shown even in 
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presence of much potassium. If the residue gave 
a strong yellow flame that took some time to burn 
off, that would be sufficient for sodium, and the 
potassium could then be determined by use of the 
blue glass or by precipitation with hydrochloro- 
platinic acid. 



SECOND GEOUR 

BARIUM, STRONTIUM, CALCIUM, MAGNESIUM. 

The insolubility of tlie normal carbonates and 
phosphates of this group serve to distinguish it 
from the first group, and the fact that it is not 
precipitated by hydrosulpluiric acid nor ammo- 
nium sulphide distinguishes it from the succeeding 
groups. 

The solubility of the liydroxides in water de- 
creases in regular order from baiium hydroxide, 
which is easily soluble to magnesium hydroxide, 
which is very insoluble. The reverse is true of 
the sulphates, magnesium sulpliate being easily 
soluble, calcium sulphate difficultly so, strontium 
sulphate much moi*e insoluble, and bai-ium sul- 
phate insoluble not only in water but in acids. 

The hydroxides and salts of this group are all 
colorless (unless the acid be coloied as chromic 
acid), and are not volatile at a red heat. 

82 
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BARIUM (Ba). At. wt. 137.4. 

Barium is found in considerable quantities as 
barite or heavy spar (BaS04) ^^d as witherite 
(BaCOs). 

Almost all of the barium salts are insoluble in 
water, but with the exception of the sulphate and 
silicofluoride they are soluble in acids. The 
chloride and nitrate are nearly insoluble in al- 
cohol, and insoluble in a mixture of equal parts of 
alcohol and ether. They are also insoluble in 
strong hydrochloric or nitric acids ; for this rea* 
son, if either of these acids be added to a concen- 
trated solution of a barium salt a white precipitate 
will form, which, however, dissolves readily on 
diluting with water. 

Barium Hydroxide (j5a((?jEr)2).~Sodiumaud 
potassium hydrates (free from carbonate) give no 
precipitate with barium salts unless the solutions 
are concentrated. 

Ammonium hydrate causes no precipitate. 

Barium Carbonate (BaCO^):- — The carbonates 
of potassium, sodium, and ammonium precipitate 
barium salts as a white amorphous precipitate. 
The precipitate is slightly soluble in ammonium 
chloride. It is easily soluble in all ac\d^. 
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BaClj + (N'R.yfiO, = BaCOs + 2NH4CI ; 
BaCOg + aHCsHsOa = Ba(C,H802), + COs, 

' , ' 

Barium Sulphate (^BaSO^. — Sulphuric acid 
or soluble sulphates give, even in very dilute solu- 
tions of barium salts, a white pulverulent precipi- 
tate of barium sulphate. The precipitate is insol- 
uble in water and dilute acids. 

A solution of calcium sulphate in water serves 
as a useful reagent to distinguish between barium 
and strontium salts. With the former it gives an 
immediate precipitate, unless the solution be very 
dilute, but with strontium the precipitate forms 
only slowly. 

BaClg + H2SO4 = BaSO^ + 2HC1 ; 
BaCl^ + CaS04 = BaS04 + CaClg. 

Barium Chromate (JBaCrO^. — Solutions of 
barium salts containing no free mineral acid are 
precipitated by potassium chromate or dichro- 
mate, giving a yellow precipitate which is very 
insoluble in water and in ammonia. It is slightly 
soluble in ammonia salts, in chromic acid, and 
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acetic acids. The solubility in acetic acid in- 
creases with the strength of the acid. 

BaClg + K2Cr04 = BaCr04 + 2KC1. 

' ^ ■* 

Soltihle phosphates and oxalates precipitate neu- 
tral or alkaline solutions of barium salts as white 
precipitates of phosphate (a) and oxalate (J). 
The phosphate is soluble in hydrochloric, nitric, 
and acetic acids, the oxalate in hydrochloric and 
nitric acids, but not in acetic except when jSrst 
precipitated. 

{a) BaClg + Na^HPO^ = BaHPO^ + 2NaCl ; 
(h) BaClj + (NH4) AO4 = BaC^O^ + 2NH4CI. 

Flame. — Barium salts (best the chloride or sul- 
phate) when held in the Bunsen flame on a loop 
of platinum wire impart to it a yellowish-green 
color. 

STRONTIUM (Sr). At. wt 87.6. 

Strontium salts in their reactions veiy closely 
resemble the con*esponding barium compounds. 

The hydroxide is somewhat less soluble in 
water than barium hydroxide. The chloride is 
deliquescent, and is soluble in absolute 3iYcio\ioV 
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(distinction from barium). The nitrate is nearly 
insoluble in absolute alcohol and in a mixture of 
absolute alcohol and ether (distinction from 
calcium). 

The hydroxides and ca/rhonates of the alkalies 
give the same reactions with strontium salts as 
with those of barium. 

Strontium Sulphate {SrSO^), — Sulphuric acid 
and soluble sulphates precipitate strontium salts, 
giving a white precipitate of sulphate. The pre- 
cipitate is much more soluble than barium sul- 
phate, both in water and in acids, and for this 
reason it precipitates only slowly from dilute 
solutions. With calcium sulphate the precipita- 
tion is always slow except in very concentrated 
solutions (distinction from barium). The appli- 
cation of heat helps this precipitation as well as 
all others of strontium as sulphate. 

Soluble phosphates aud oxalates precipitate neu- 
tral or alkaline solutions of strontium salts, yield- 
ing white precipitates of phosphate and oxalate 
corresponding to the barium phosphate and oxa- 
late, and having about the same solubilities. 

Potassium dichromate does not precipitate 
strontium salts even fiom concentrated solutions. 
Normal chromates in neutral solutions not very 
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dilute give, on standing for some time, a yellow 
precipitate of chromate. Solutions acid with 
acetic acid are not precipitated (distinction from 
barium). 

Flame, — Strontium salts (preferably the chlo- 
ride) impart a crimson color to the Bunsen flame 
that is very characteristic. Strontium sulphate 
and salts of fixed acids should be moistened with 
concentrated hydrochloric acid before bringing 
them into the flame. 

CALCIUM (Ca). At wt 40. 

Calcium is found in enormous quantities in the 
form of carbonate (limestone, marble, etc.) and as 
sulphate (gypsum), and is an important constitu- 
ent of many silicates. 

Calcium oxide (quicklime) and the hydroxide 
Ca(0H)2 (slaked lime) are considerably more in- 
soluble than barium and strontium oxides and 
hydroxides. Calcium chloride and nitrate are 
soluble in absolute alcohol and in a mixture of 
alcohol and ether. 

The hydroxides of potassium, sodium, and am- 
monium, and their carbonates, act in much the 
same way with calcium salts as with those of 
barium and strontium. 
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Calcium carbonate when first precipitated is 
amorphous, but on standing, or more quickly by 
heating, changes to the crystalline form. It is 
easily soluble in acids, even in carbonic, and is 
also somewhat soluble in ammonium chloride. 
From its solution in carbonic acid it is precipi- 
tated on heating. 

CaCl^ + Na^COs = CaCOa + 2NaCl ; 

CaCOa + CO, + H,0 = CaH2(C03), ; 

» — , — — » 

CaHj(C03)g + heat = CaCOj + C0^+ H^O. 

Calcium Snlphate. — Sulphuric acid and soluble 
sulphates give with calcium salts white precipi- 
tates of sulphate that form more or less quickly, 
according to the sulphate used and the strength 
of th'^x solution. 

Very dilute solutions are not precipitated. 

Calcium sulphate is soluble in a large quantity 
of water, and much more soluble in acids. It is 
also soluble in strong solution of ammonium sul- 
phate. 

Calcium Oxalate. — Solutions of calcium salts 
containing no free mineral acid are precipitated by 
ammonium oxalate, yielding a white precipitate 
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of oxalate. In very dilute solutions the precipi- 
tate only forms slowly. Presence of free am- 
monia and heat help the precipitation. Calcium 
oxalate is easily soluble in hydrochloric and nitric 
acids, and almost insoluble in acetic or oxalic. Of 
all tests for calcium it is the most delicate. 

Soluble pTiospliates give the same reactions with 
calcium salts as with those of barium and stron- 
tium. 

Potassium dichvomate and the normal chro- 
mates do not precipitate calcium salts. 

Flame, — Calcium salts give a j^ellowish-red 
color when brought into the Bunsen flame. 

MAGNESIUM (Mg). At wt. 24.3 ; sp. gr. 1.74. 

Magnesium is a silvery - white metal, which 
when ignited in the air bums with an intense 
white. flame, forming the oxide MgO. 

It does not decompose water at ordinary tem- 
peratures. It is found widely distributed in na- 
ture as carbonate and silicate. Hydrochloric and 
sulphuric acids dissolve it very readily with evolu- 
tion of hydrogen. 

The oxide and hydroxide are very insoluble in 
water, but soluble in acids. 
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Many magnesium salts are soluble in water, 
and with the exception of the sulphate are easily 
decomposed on gentle ignition, most of them even 
by evaporation of their solutions. 

Magnesium Hydroxide. — The hydroxides of 
potassium, sodium, barium, strontium, and calcium 
give, with solutions of magnesium salts, a white 
precipitate of hydroxide. If ammonium salts are 
present, the reagent must be added in excess and 
the solution boiled to insure complete precipita- 
tion: 

MgCl, + 2K0H = Mg(0H)2 + 2KCL 

Arnmojiium Hydrate, — The action of ammonia 
on magnesium salts varies, depending on the pres- 
ence or absence of ammonium salts. Maofuesium 
salts readily unite with those of ammonium to 
form double salts, and on these compounds am- 
monia has no action. Of course the addition of 
ammonia to an acid solution containing magnesium 
has the same effect, as the fii'st action is a combi- 
nation of the ammonia and free acid forminir an 
ammonium salt, which then unites with the mag- 
nesium to form the double salt. 

When ammonium salts or free acid are not 
present, ammonia partially precipitates magnesium 
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solutions, giving a white precipitate of the hy- 
droxide : 

2MgCl, + 2NH4OH 

= Mg(OH), + MgCl^ , NH4CI + NII^Cl. 

The reason for the precipitation not being com- 
plete is shown by the equation to be due to a por- 
tion of the magnesium uniting with the ammonium 
chloride formed in the leaction and producing the 
double chloride MgCl^NH^Cl. 

The magnesium hydroxide formed in this and 
the preceding reaction is soluble in ammonium 
salts, as shown by the following reaction : 

Mg(OH), + 3NH4CI = MgCl^NH^Cl + 2NH4OH. 

Maynesiarn Carbonate. — Sodium and potassium 
carbonates give with magnesium solution a white 
})recipitate of basic carbonate, a portion of the 
magnesium remaining in solution as acid or bicar- 
bonate. On heating the solution the latter is de- 
composed and pi-ecipitates as normal carbonate r 

5MgCl2 + 5Na,C03 + H^O 

= 4MgC08,Mg(OH)2 + lONaCl + CO^. 

«■ ^ —^ 

The presence of ammonium salts interferes with 
or prevents this precipitation. 
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A^nmoniwm Carhonate in presence of ammo 
uiiitn cliloride does not precipitate magnesium salts 
lUilt^MM the latter are concentrated, and then only 
aftt^r Ntandiug some time. 

\\\ absence of ammonium salts it gives after 
Home ti!ue a precipitate of MgCOjSH^O if the 
aiumoniiuu carbonate be present in slight excess; 
of n double carbonate, MgC03,(NH4)2C03,4HA 
vvhtMi the i*eagent is added in large excess. 

MiUjnesium PhmpTutte. — Hydrogen disodium 
phoHphate gives with neutral solutions of mag- 
ncHiiun salts a white pixjcipitate of phosphate, 
MgUPO,: 

MgCla + Na^IIPO, = MgHPO^ + 2NaCL 

N , » 

The test is made much more delicate by adding 
ammonium chloride and hydrate to the solution 
before the addition of the phosphate. Under 
these conditions a white crystaDine precipitate of 
magnesium ammonium phosphate is thrown down, 
even from very dilute solutions. The presence of 
free ammonia in excess helps the precipitation. 
Shaking or stirring the mixture hastens the pre- 
cipitation : 
MgCl^ + NH4CI + NH4OH + Na«HP04 

= MgNH4P04 + 2NaCl + NH4CI + HA 



-r* 
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The precipitate of MgHP04 and that of 
MgNH4P04 are both easily soluble in acids, even 
in acetic. 

Aniiinonium Oxalate in dilute solutions of mafj' 
nesium salts causes no precipitate except on stand- 
ing. In concentrated solutions a precipitate forms 
more quickly, Presence of ammonium chloride 
and hydrate intei'feres with or prevents the pre- 
cipitation of magnesium as oxalate. 

Sulphuric Acid and Soluble Sulphates produce 
no precipitate with magnesium salts. 

Chromates do not precipitate magnesium solu- 
tions. 

Magnesium salts do not give any color to the 
Bunsen flame. 



SEPARATIONS. 

On reviewing the reactions of the metals of the 
second group we find that three of them, viz., 
barium, strontium, and calcium, act in much the 
same way with many of the reagents, and conse- 
quently the methods of separation are correspond- 
ingly limited. The metals just mentioned are 
readily separated from magnesium by making use 
of the action of ammonium carbonate in pTe^e\ie^ 
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of aiiimoniiim chloride, which precipitates them 
as oaibonates, leaving the magnesium in solution. 
The carbonates may then be separated from each 
other l)y taking advantage of the differences in 
their reactions with chromates and by the differ- 
en(*e in solubility of strontium and calcium sul- 
phates. The accompanying scheme of separation 
is based on these reactions. 

Another method, and one which has the advan- 
tage of giving some idea as to the quantity of each 
metal present, is to dissolve the three carbonates 
ill acetic acid and precipitate the barium as in the 
method given in the scheme; the strontium and 
cilcium are then reprecipitated from the filtrate 
by adding ammonia and ammonium cai'bonate. 
The carbonates are dissolved in nitric acid and 
evaporated to dryness, and then heated for about 
fifteen minutes at a temperatui*e of 150° to 180° C. 

The dry residue should be at once finely pul- 
verized and then rubbed up with about 10 c.c. of 
a mixture of equal paits of absolute alcohol and 
ether. The solution is filtered after a few minutes 
and the residue washed several times with small 
(piantities of the alcohol and ether mixture. The 
strontium nitrate I'emains insoluble while the 
calcium nitrate goes into the solution. The 
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residue may be dissolved in a little water and the 
presence of strontium confirmed by testing with 
calcium sulphate. The solution containing the 
calcium nitrate is tested by the addition of a few 
drops of dilute sulphuric acid, when the formation 
of a precipitate in any considerable quantity 
proves the presence of calcium. Should the pre- 
cipitate be only trifling, it might possibly be due 
to a trace of strontium, and it should be tested in 
the flame or by some other confirmatory test. 

The SidpJiates of Barium^ Stvontiwai^ and Cal- 
ciiirn are so insoluble in both water and acids (this 
is especially the case with barium and strontium 
sulphates) that some special method has to be 
adopted in order to get them into solution. 
This is best done by fusing the dry sulphates 
with four or five parts of sodium potassium car- 
bonate in a platinum crucible. The insoluble 
sulphates are thus converted into carbonates, and 
the sulphuric acid combines with the sodium 
and potassium as sulphates soluble in water : 

BaS04 + N^,C03 = BaCOa + Na,S04. 

By treating the fused mass with boiling water 
until thoroughly disintegrated the sodium and po- 
tassium sulphates, as we]] as the excess oi ^wx, ^^e^ 
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dissolved, and on filtering and washing the residue 
(the washing should be continued until the wash- 
ings give no precipitate with barium chloride) the 
carbonates of barium, strontium, and calcium are 
obtained free from sulphate, and can be at once 
dissolved in acetic acid and separated in the usual 
way. 
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SCHEME I.— SEPARATION OF 1** AND 2** GROUPS. 



Filtrate 23. 

Add a small quantity of NH4CI, and then NH4OH until alkaline, then 
(NH4)2COs in slight excess; warm and filter. Wash the ppt. Mote 1. 



Ppt. 85. 
BaCO, 4- SrCOs + CaCO.. 

Dissolve in the least possible quan- 
tity of hot, dil. HCaI^O« (36), and 
test a small portion of the sol. for 
Ba, by addition of CaSO^. An im- 
mediate ppt. shows Ba. If no ppt. 
forms at once heat gently and allow 
to stand 10 min. The appearance of 
a upt. on standing will indicate Sr. 

If Ba has been found by the above 
test, add to the main part of the sol., 
K90rO4* in slight excess; allow to 
stand a few minutes, filter and wash. 
(If Ba is not found as above, omit 
this treatment, and proceed to test 
for Sr and C^, as below, Part l** and 
2*. (Notes.) 



Filtrate 85. 

MgCla, NH4CI 4- Ka 4- NaCl + traces 
of Ba and Ca + NH4 Salts. 



Divide into 2 parts. 



of 

a 



Part 1**.— Add a few drops 
(NH4)aS04, and of (NH4)aC904i a 
white ppt. shows traces of BaS04 + 
CaC-Oj (43). Filter. To the filtrate 
add NH4OH and NaaHPO|. A white, 
crystalline ppt. shows MgNH4P04 
(44), and proves Mg. (Note 3.) 

Part 2®.— Evaporate to dryness, 
and ignite, to expel all NH4 salts. 
Dissolve residue (45) in a little water, 
and filter. Evaporate the filtrate to 
very small bulk, and make the fiame- 
test for Na. Tlien add a few drops 
of HaPtCl« to the solution, and stir 
with a glass rod. A yellow, crystal- 
line ppt. shows (46) KaPtCla, and 
proves K. Addition of alcohol in- 
creases the delicacy of this test. 

(Note 4.) 



Ppt. 87. 


Filtrate 87. 


BaCr04 (yellow). 


Sr(CaH,Oa)a + Ca(C9H,0a)a. 


- 


Add NH4OH to alkaline reaction, then 
(NH4)aC0a in slight excess, heat, filter, and 
wash. 



Ppt. 38. 

SrCO, 4- CaCOa. 

Dissolve in hot dil. HCaHaOa. Divide solution into two parts. 



FiLT. 88. 

NH4 salts. 

Reject. 



Part. !•. 

Add a solution of CaS04, 
warm and allow to stand 
some time. A white ppt. = 
8rS04. Moisten ppt. with 
HCI (cone.) and test in the 
fiame. Crimson flame proves 
Sr. 



Part 2». 

Make alkaline with NH4OH, then add a 
concentrated ^lution of (N 114)3804 boil for- 
some minutes and filter. (Note 5.) 



Ppt. 41. 
SrS04+CaS04. (?) 



Filtrate 41. 

Add a few drops of 
HCaHaOa & (NH,)aCo04. 
A white ppt.=Ca(;a04— 
proves CJa. (Note 6.) 



♦ Prepared from KaCraOy by adding NH4OH until the color clianftea\*0'5^\k>^> 
but not sulficient to make the solution alkaline. 



NOTES TO SCHEME. 

I^OTE 1.— The amount of ammonium chloride 
added must be sufficient to form a double chloride 
with the magnesium present, so that the latter 
will not be precipitated by the ammonia or am- 
monium carbonate. A large excess of the chlo- 
ride is to be avoided, as the carbonates of barium 
and calcium are perceptibly solnible in it. When 
the solution under examination is a filtrate from 
the separation of the 3° and 4° groups, it is not 
necessary to add any ammonium chloride at this 
point because it has already been added before 
precipitating those groups. After the addition of 
the ammonia and ammonium carbonate the mix- 
ture should be heated gently (do not boil) for 
some time, and until the precipitate, if* anj^, settles 
in the crystalline form. 

If the solution is a filti'ate from the 3° and 4° 

groups it is sometimes brown or almost black, due 

generally to an imperfect separation of nickel in 
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the preceding groups. In such cases the solution 
should be boiled until no more ammonia is given 
off, then allowed to cool, and finally made slightly 
acid with acetic acid, and filtered. The precipi- 
tate is tested for nickel, and the filtrate, after be- 
inor made alkaline with ammonia, for the 1° and 
2° groups. 

Ammonia is always tested for in the original 
solution. The test is made, as already described 
under the reactions for ammonia, by heating with 
an excess of sodium or potassium hydrate. 

The formation of a precipitate on the addition 
of the alkali does not interfere with the test, but 
care must be taken to add sufficient of the hydrate 
to make the solution distinctly alkaline. 

Note 2. — The precipitate of the carbonates 
should be dissolved in a little hot acetic acid and 
the solution obtained evaporated nearly to dryness 
to drive off any excess of acid. 

It is then diluted with a small quantity of 
water and tested as given in the scheme. The 
presence of a little free acetic acid is necessary to 
prevent any strontium being thrown down as 
chromate, but an excess is injurious, as barium 
chromate is somewhat soluble in it. 

Note 3. — If barium and calcium \iave iio\.\>^^'Ck 
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I 



found in Ppt. 35, tlie flmmonium sulphate and | 
oxalate should be added to separate portions of | 
the filtrate, and if either or both give a precipitate I 
they sbould be filtered on separate filters and the [ 
precipitates, after moistening with a drop of con- i 
ceutrated hydrochloric acid, tested on platinum I 
wire m the Buuseu flame for barium and calcium. | 
The ammonium sulphate, of course, precipitates | 
the barium, and the oxalate the calcium and per- 1 
haps barium. 

Note 4, — If magnesium has been found in part I 
1°, it is well to add some ammonium oxalate to | 
part 2° before evaporation, as it helps to decom- 
pose the magnesium salt. The ignition must be J 
continued until all fumes have ceased. 

Should no precipitate form on addition of th©l 
hydrochloroplatinic acid, the solution must 
evaporated nearly to dryness and alcohol added,a 
Potassium, if present, will then surely show. 

In using the flame test for sodium the student'! 
must learn to distinguish between a mere 
and any appreciable quantity. 

Note 5.— This treatment with ammonium aa 
phate does not effect a complete separation of thd 
strontium and calcium. Some of the calcium gen-l 
erallj- reniRim with the strontium, and a little of I 
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the strontium may dissolve and go into the solu- 
tion with the calcium. 

Note 6. — The solution is made slightly acid 
with acetic acid so as to prevent the precipitation 
of any traces of strontium that may have dissolved 
in the ammonium sulphate. If the solution is 
very dilute, the precipitate of calcium oxalate 
will only form slowly. 



THIRD GROUP. 

ALUMINIUM, CHROMIUM, TITANIUM. 

The oxides and hydroxides of this group are 
very insoluble in water. The precipitated hy- 
droxides (except metatitanic acid) are easily solu- 
ble in acids ; but the oxides dissolve with more or 
less difficulty, and after ignition are almost in- 
soluble. 

The third-group metals do not form sulphides 
in the wet way, and for this reason are not pre- 
cipitated as sulphide by either hydrosulphuric 
acid (HgS) or alkaline sulphides. Ammonium 
sulphide precipitates them from neutral solutions 
as hydroxide. This reaction distinguishes them 
from the metals of the fourth, fifth, and sixth 
groups. 

ALUMINIUM (Al). At. wt. 27.1 ; sp. gr. 2.58. 

Aluminium is found in enormous quantities in 
combination with silica, as clay, feldspar, etc. It 
also occurs as the oxide and fluoride. It is a 
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moderately hard tin-white metal, very malleable 

and ductile, and may be highly polished. It fuses 

at 700° C. It is not oxidized by the air, and is 

unacted on by hydrosulphuric acid or ammoTnum 

8ul[)liide. Nitric acid has scarcely any eflfect on 

it, but it is soluble in hydrochloric and sulphuric 

acids, and in sodium and potassium hydrates : 

2 Al + 6HC1 = ALCle + 3IL ; 

2A1 + 2K0H + 2H,0 = K,A1 A + ^^h 

Aluminium forms the oxide Al.,0.. and a cor- 
responding series of salts. The oxide dissolves 
^vith difficulty in dilute acids, but more easily 
when the acid is concentrated and hot. When 
fused with sodium or potassium disulphate it is 
converted into the sulphate, which is easily solu- 
ble in water : 

AlA + 3( K2SO4, SO3) = Alo(S04)3 + 3K,S0,. ' 

When fused with sodium or potassium hydrate 
or carbonate (if sodium or potassium hydrate is 
used the fusion must be made in a silver or nickel 
crucible) it forms an aluminate soluble in water 
or acids : 

AlgOa -f- 2K0H = K,AW, + H,0. 
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The alnmiDiiim salts are almost all colorlesa 
The haloiil salts and the normal nitrate, sulphate, 
and acetate are all soluble in water. On ignition 
the soluble oxygen salts are decomposed, leaving a 
residue of oxide (A1;,0,). 

Many aluminium salts combine with those 
of the metals to form double salts, among the 
most important of which are the alums, such as 
K,S0,,A1XS04)3,24H,0. 

Most of the aluminium compounds insoluble in 
water (wdth the exception of certain minerals) are 
dissolved by hydrochloric acid. 

Those that are insoluble in this acid may be 
got into a soluble form by fusion with alkaline 
hydrate, carbonate, or disulphate, as already ex- 
plained. 

Aluminium Hydroxide (Al^^OII)^). — ^If am- 
monium sulphide be added to a solution of an 
aluminium salt a white precipitate of the hydrox- 
ide is thrown down, which is insoluble in an ex- 
cess of the precipitant : 

A1«(S04)8 + 3(NH4),S + 6H,0 

= Al,(OH)e + 3(NH4),SO, + 3h3. 

Pof<f,^.'^iffm, and Soditrm, Hydroxides give with 
nluminium salts a precipitate of the hydroxide 
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containing alkali and basic salt (a). The pre- 
cipitate is easily soluble in excess of the reagent 
(J), and is not reprecipitated on boiling (distinc- 
tion from chromium) ; but on the addition of am- 
monium chloride, especially on heating, it repre- 
cipitates as the hydroxide (c). 

{a) Al^CSO^a + 6K0H = Al,(OH)o + SK^SO^ ; 

> , f 

(h) Ala(OH), + 2K0H = KgAlA + ^^^O ; 

(c) KaAl A + 2NH4CI + 4H,0 

= M(OH)e + 2KC1 + 2NH4OH. 

> , ' 

Ammonium Hydroxide also gives a precipitate 
of the hydroxide which is insoluble in a slight ex- 
cess of the precipitant, but perceptibly soluble in 
a large excess. From this solution in excess of 
the ammonia it is reprecipitated on boiling, as this 
drives out the excess of ammonia. 

The Alkali Carbonates give a precipitate of 
hydroxide and basic carbonate. The precipitate 
is slightly soluble in the carbonates of potassium 
and sodium, but much less soluble in ammonium 
carbonate. 

Ba/rivm Carbonate completely precipitate^ ^oVwr 
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tioiis of aluminium salts, even in the cold, giving 
a i)recipitate consisting of hydroxide and basic 
salt. The barium carbonate should be used in a 
very finely divided state. 

The presence of non-volatile organic acids, such 
as tartaric, citric, etc., and of sugar or similar or- 
ganic matter, interferes with or completely pre- 
vents the precipitation of aluminium as hydroxide. 

A la nf in imn Plios'pli ate, — With neutral solu- 
tions of aluminium salts or those acid only with 
acetic acid sodium phosphate gives a white floc- 
ciilent precipitate of phosphate. 

The precipitate is soluble in the mineral acids 
and in sodium or potassium hydroxide, but diffi- 
cultly so in ammonia. Ammonium chloride 
reprecipitates it from its solution in the alkalies: 

A1,(S04)3 + 2Na,HP04 + 2NaC,H30, 

= Alo(P04), + 3NaoS04 + 2HaH30^ 



— ' 



Aluminium Basic Acetate. — If a moderate ex- 
cess of sodium or ammonium acetate be added to 
a dilate neutral or slightly acid solution of an 
aluminium salt and the liquid boiled, a white pre- 
cipitate of basic aluminium acetate will be thrown 
down: 
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Al,(S04)3 + eNaCAO, + 2H,0 

= Al,{OH),(ail,0,), + 3Na,S04 + 2HC,H30,. 

The precipitate is easily soluble in hydrocliloric 
and sulphuric acids. 

CHROMIUM (Cr). At wt. 52.14; sp. gr. 6.8-7.3. 

Chromium in the metallic state is rarely met 
with. It is sometimes alloyed with steel in the 
proportion of 0.5% to 0.75^, for the purpose of 
hardening the former. 

It is readily soluble in chlorine or hydrochloric 
acid, and in sulphuric acid on warming. 

Chromium occurs chiefly as oxide in com- 
bination with oxide of iron as chrome-ironstone 
FeO , Cr.Oa. 

Three oxides of chromium are known — Cr^Oy , 
CrOajCrOa. The monoxide has not been obtained 
in the anhydrous state, although its hydroxide is 
known. 

Chromic oxide (CrgOg) is green, the hydroxide 
a bluish green. The common salts of chromium 
are those of this oxide. They are all of a violet 
or green color, and many of them are soluble in 
water. Most of those not soluble in water are 
soluble in hydrochloric acid. 
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The oxygen salts of volatile acids are decora- 
posed OD ignition, leaving a residue of chromic 
oxide (CrjOa) whic-li is almost insoluble in acids. 

Chyoinitim Hydroxide. — Potassium and sodium 
hydroxides precipitate chromic salts, giving bluish- 
green precipitates of the hydroxide contaiuitig ajJ 
kali (rt). The precipitate is easily soluble in bh 
excess of the reagent, yielding an emerald-green 
solution (i). From this solution on long boiling 
the hydroxide is repreeipitated (<;). Addition c 
ammonium chloride effects the same result (d), 1 

(«) Cr,(S04)3 + 6K0H = Cr^(0H)6 + SK^SO, ;'| 

{h) Cr,(OH)B + 2K0H = K,CrA + 4H,0 ; 

(c) K,CrA + 4H,0 = Cr,(OH)6 + 2KOH; 

{d) K,Cr,0, + 2NH4CI + 4H,0 

= Cr,(OH)« + 2KC1 + 2NH4OB 



Ammonia and Ammonium SuIpJmie also give 
precipitates of cliromic hydroxide which are 
slightly soluble in excess of amiuonia. On boi 
ing the precipitation is complete. 

T/ie Alkaline Carbonates give precipitates of 
basic carbonate, whicb dissolve with difficulty in 
an excess of the I'eagent. 
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Barium Carhoiiate precipitates chromium as a 
basic carbonate. The precipitation takes place in 
the cold, but requires long digestion to make it 
complete. 

Sodium Pho,^Jiate in presence of sodium ace- 
tate precipitates neutral or slightly acid solutions 
as green chromic phosphate, Cr2(P04)2. 

The presence of tartaric, citric, and oxalic acids, 
sugar, etc., interferes more or less with all of the 
precipitations of chromium that have been men- 
tioned. 

Oxidation to Chromic Acid. — The most charac- 
teristic reactions for chromium depend on its oxi- 
dation to chromate. The reaction is indicated by 
a change in color from green or violet to yellow 
or red. If any one of the precipitates already 
mentioned or any compound of chromium be fused 
(best in a platinum crucible) with four or five 
parts of a mixture of sodium carbonate and potas- 
sium chlorate in equal j)roportions, the chromium 
will be oxidized to chromate, Na2Cr04. 

By dissolving the fused mass, which, if chro- 
mium is present is of a yellow color, in water, 
acidifying with acetic acid, and adding lead ace- 
tate, a yellow precipitate of lead chromate will be 
obtained: 
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Cr,(OH)e + 2Na,C03 + KCIO 



8 



= 2Na,Cr04 + KCl + 2C0, + 3H,0 ; 
Na^Ci-O^ + Pb(CaH30,), = PbCr04 + SNaCHaO^. 

A similar oxidation is effected by treating the 
solution of cliromiiim hydroxide in potassium hy- 
droxide (KoCro04) with bromine. In performing 
the operation the solution must be kept alJcaline 
and the mixture warmed for some time and finally 
heated to boiling. The color changes from bluish 
green to yellow. If the solution be now acidified 
with acetic acid and a drojD or two of lead acetate 
added, a yellow precipitate of lead chromate will 
be formed : 

KaCr.O^ + 8K0H + SBr^ 

= 2K,Cr04 + 6KBr + 4H2O. 

Other oxidizing agents, as lead or sodium diox- 
ides, or potassium permanganate, in alkaline solu- 
tion, effect the same oxidation. 

In a Bead of Borax or Sodium Metaplioi^pkate 
in either the oxidizino; or reducino^ fiame, chro- 
mium compounds give an emerald-green color. 

TITANIUM (Ti). At. wt 48.1; sp. gr. 3.58. 

Titanium is a comparatively rare metal, and is 
not found in the metallic state. It occurs as the 
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dioxide, TiOg, in several minerals, and is frequently 
met with in magnetic iron ores, and for this rea- 
son it is necessary to know something about its 
properties. The metal is easily soluble in acids, 
even in acetic. 

It forms three oxides, TiO, TigOg, and TiOg. 

Salts of the last two oxides are known. TiO^ , 
besides acting as a basic oxide, also acts as a 
feeble acid. 

Titanium dioxide after ignition is insoluble in 
acids, except in concentrated sulphuric and hydro- 
fluoric. Fusion of the dioxide with potassium 
disulphate (the fusion should be continued for a 
considerable time, half an hour or more, at a low 
heat) } ields a mass that is completely soluble in a 
large quantity of cold water (hot water must not 
be used, as metatitanic acid is precipitated from 
hot solutions). 

Titanic oxide may also be readily brought into 
Solution by fusing with potassium hydrogen fluo- 
ride and dissolving the fusion in dilute hydro- 
chloric acid. 

Solutions of titanium dioxide in hydrochloiic 
.or sulphuric acids are precipitated by the alkalies, 
the alkaline carbonates, ammonium sulphide, and 
barium carbonate as titanic acid, HoTiO^, a Nsf\vv\>^ 
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flocculent precipitate insoluble in excess of the 
reagents. When thrown down from cold solution 
tlie precipitate is soluble in hydrochloric and sul- 
phuric acids : 

Ti(^OX + 4K0H = H^TiOa + 2K,S04 + HA 

' , ' 

Sodium Phosplmte precipitates solutions of 
titanium salts as a white precipitate of phosphate 
(TiOHP04). The precipitate forms even in solu- 
tions containing much hydrochloric acid. 

Potassium Fe r r ocy anide ^diAQdiio diCidi solutions 
gives a bright reddish-yellow precipitate. 

Sodium Tliiosulphate precipitates nearly neutral 
solutions on boiling as titanic acid, HgTiOg (sepa- 
ration from iron). 

Precipitation on Boiling — Solutions of tita- 
nium in hydrochloric or sul[)huric acids, not con- 
taining much free acid, on dilution with consider- 
able water and boiling give a white precipitate of 
metatitanic acid insoluble in dilute acids. The 
solution best suited for this reaction is one in sul- 
phuric acid containing only a slight excess of the 
acid. In order to insure complete precipitation the 
boiling must be continued for five or six hours, 
with renewal from time to time of the water lost 
by evaporation. 
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Hydrogen Peroxide gives with titanium solu- 
tions containing no fluoride an orange-yellow color. 
When iron is present a solution of the sulphate 
should be used. 

Metallic Zinc or Tin added to acid solutions of 
titanic salts give a violet or blue color to the solu- 
tion. The color often does not appear for some 
time, and the test is not very delicate. 

SEPARATION. 

The separation of the metals of the third group 
will be discussed later on in connection with those 
of the foui-th group. 



FOURTH GROUP. 

IRON, ZINC, MANGANESE, COBALT, NICKEL. 

The metals of this group are distinguished from 
those of the fifth and sixth by the fact that they 
are not precipitated by hydrosulphuric acid (HgS) 
from solutions acid with the mineral acids, and 
from those of the third group by their precipita- 
tion as sulphide and not hydroxide by ammonium 
sulphide. 

The fact that they are 23recipitated as sulphides 
also distinguishes them from the metals of the first 
and second groups. 

IRON (Fe). At. wt 56; sp. gr. 7.8-8.2. 

Iron is found in small quantities in the metallic 
state in some volcanic rocks and in meteorites. 
Compounds of iron are very widely distributed, 
and occur in enormous quantities particularly as 
oxide and sulphide. 

Pure iron is a lustrous, grayish- white metal. It 
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is hard, malleable, and ductile, fusing with diffi- 
culty, and is attracted by the magnet. In moist 
air or oxygen it is slowly oxidized to the hydrated 
sesquioxide (rust). When ignited in air or oxy- 
gen it forms the black magnetic oxide Fe804, or a 
mixture of this with ferric oxide, FeoOj,. Iron 
unites directly with the halogens, and with sul- 
phur, carbon, boron, silicon, j)hosi)horus, and 
ai'senic. It also unites with many metals to form 
alloys. 

Iron is readily soluble in dilute acids. In hydro- 
chloric and dilute sulphuric acids it dissolves with 
evolution of hydrogen (a) in hot concentrated 
sulphuric acid, sulphurous anhydride is liberated 
(i) and ferric sulphate formed. AVith nitric acid 
the reaction varies according to temperature and 
strength of acid used. With cold dilute acid 
the products are ferrous nitrate and ammonium 
nitrate, and with hot moderately dilute acid fer- 
ric nitrate is formed (^, (T). 

{a) Fe + H,S04 = FeS04 + H^ ; 

(t) 2Fe + 6H,S04 = Fe,(S04)3 + 3Sol + 6H,0 ; 
[c) 4Fe + IOHNO3 

= 4Fe(N03), + NH4NO8 + 3HoO ; 
{d) 2Fe + 8HN0, = Fe,(NO^)^ + 2;N0 -V 4H..,0. 
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Three oxides of iron are known : ferrous oxide, 
FeO (also called protoxide) ; ferroso ferric oxide, 
FeyO^ (magnetic or black oxide) ; and ferric oxide, 
^^'/^^ (peroxide, sesquioxide, or red oxide). 

The ferrous and ferric oxides form two distinct 
series of salts having very different properties. 



FERROUS COMPOUNDS. 

Ferrous oxide is black, the hydroxide white. 
The latter absorbs oxygen very rapidly, and 
quickly changes in color, assuming first a greenish 
shade and finally becoming reddish brown. The 
oxide and hydroxide are both easily soluble in 
hydrochloric, nitric, and sulphuric acids. As al- 
ready explained, ferrous salts are also formed by 
dissolving metallic iron in hydrochloric or dilute 
sulphuric or nitric acids (see equations a and c). 
Ferrous salts in the anhydrous state are white, in 
the hydrated green. The solutions unless concen- 
trated have scarcely any color. These solutions 
absorb oxygen and change gradually to ferric salt 
with precipitation of biisic compounds. 

Oxidizing agents, as chlorine, bromine, or nitric 
^*d, quickly oxidize ferrous solutions to ferric: 
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6FeCl2 + 8HNO3 

= 2Fe2Cle + Fe2(N03)e + 2N0 +4H,0. 

Ferrous salts of volatile oxygen acids are decom- 
posed on ignition, leaving a residue of ferric 
oxide. 

Fei^rous Sulphide (^FeS^. — Hydrosulpliuric 
acid in alkaline, and ammonium sulphide in- neu- 
tral or alkaline, solutions of ferrous salts give 
black precipitates of ferrous sulphide, whicli are 
easily soluble in hydrochloric, nitric, and sul- 
phuric acids. The presence of ammonium chlo- 
ride aids the precipitation : 

FeSO^ + (NH4)2S = FeS + (NH4%S04 ; 

*- I, _ * 

¥ 

FeS + 2HC1 = FeClg + H^. 



Ferrous Hydroxide {FeiOH^^. — ^The hydrox- 
ides of potassium, sodium, and ammonium precipi- 
tate ferrous solutions as hydroxide, Fe(0H)2. 
The presence of ammonium salts interferes with 
the precipitation by potassium or sodium hydrox- 
ide, and prevents the precipitation by ammonia. 
These alkaline solutions however quickly oxvQat*^, 
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and the iron then precipitates as ferroso-ferric or 
ferric hydroxide. 

J^lrroffs Carbonate (^FeCO^. — The soluble car- 
bonates give a white precipitate of fen^ous carbon- 
ate, which rapidly oxidizes to the reddish-brown 
ferric hydroxide. 

Barium carbonate does not precipitate ferrous 
salts in the cold, excejjt solutions of the sulphate. 

Ferrous Fir racy airidt. — Potassium ferrocyan- 
ide in neutral or slightly acid solutions produces 
a l)luish -white precipitate of potassium ferrous 
ferrocyanide, KoFe(FtC(iN(j), which on exposure to 
the air or by treatment with oxidizing agents 
changes to Prussian blue. 

Ferrous Ferricfjan ide, — Potassium ferricyanide 
in neutral or slightly acid solutions produces a 
deep blue j^recipitate of ferrous ferricyanide, 
Fe3(FeC,N6), (TurnbulPs blue) : 

3FeS0, + Ke(FeCoNo), = F_e^FeC6iy_,+ 3K0SO4. 

Of all the tests for ferrous suits this is the most 
delicate and chaiacteristic, the reaction taking 
[)lace even in very dilute solutions. 



IRON. 69 

FERRIC COMPOUNDS. 

Ferric oxide is red or brownish red, and dis- 
solves with more or less difficulty in acids even 
on heating. It is most easily gotten into solution 
by digesting with hot strong hydrochloric acid, 
or by fusion with potassium disulphate. Ferric 
hydroxide is reddish brown, and is easily soluble 
in acids. Ferric oxide and its hydrates are found 
very widely distributed, and in enormous quan- 
tities, and constitute the most important ores of 
iron. 

Ferroso-ferric oxide, Fe304, is soluble in hot 
hydrochloric acid, the solution containing ferrous 
and ferric salt. 

The normal feme salts in the anhydrous state 
are white, the basic ones are red or yellow. Neu- 
tral ferric solutions are brownish yellow, the acid 
solutions yellow, and the color is visible even 
when much diluted. Salts of volatile oxygen 
acids are decomposed on ignition. 

Ferrous Sulphide. — Hydrosulphuric acid added 
to acid solutions of ferric salts produces a white 
precipitate of sulphur, and the ferric compound is 
reduced to feiTous salt : 

Fe^Cle + HgS = 2FeCl2 + 2HC1 \ S^. 
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Ainmonium sulphide in neutral or alkaline 
Holiition causes the same reduction (r/), and the 
ferious salt is then precipitated as sulphide (b). 

(a) Fe,Cl« + (NHO^ = 2FeCl, + SNH^Cl + S ; 
(/>) 2FeCl, + 2(NH4),S = 2FeS + 4NHA 

The pi'0[)erties of this sulphide have already 
\h'v\\ described. 

Ferric Hydroxide (Fe^i OH)^. — Potassium, 
Hodiniii, and ammonium hydroxides give reddish' 
Inovvn j)recipitates of the hydroxide, which ar^ 
iiiHolnhlc in an excess of the precipitant and i^ 
Hininoninni salts, but easily soluble in acids: 

Fe,Clo + 6K0H = Fe/0H)6 + 6KCL 

> L,, 

'V\\{}. Soluhle Carbonates also give precipitates 
coiiHiHting principally of hydroxide, insoluble in 
exctiHH of sodium and potassium carbonate. 

liariHVi Carbonate even in cold solution pre- 
cipitates the iron completely as hydroxide and 
basic salt 

Non-volatile organic acids or sugar interfere 
with or prevent the precipitation of feme salts as 
hydroxide. 



I 
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Ferric Acetate. — If to a neutral or slightly acid 
solution of a ferric salt an excess of sodium or 
ammonium acetate be added, the color changes to 
a reddish brown. .On diluting and boiling the 
solution a reddish • brown precipitate of basic 
acetate is thrown down. The precipitate is easily 
soluble in hydrochloric acid : 

Fe^Cle + GNaCgHaOg + SH^O 

= Fe2(OH)2(C2H308)4 + 6NaCl + SHG^HaO^. 



Ferric Phosphate. — Soluble phosphates in neu- 
tral or slightly acid solutions to which a slight 
excess of a soluble acetate has been added give 
yellowish-white precipitates of ferric phosphate, 
^hich are insoluble in acetic but soluble in the 
stronger acids : 

\Q\ + 2Na2HP04 + 2NaC,H802 

= Fe2(P04)2 + 6NaCl + 2HC2H8O,. 

* ■* 

Ferric Ferrocyanide, — Potassium ferrocyanide 
produces even in very dilute solutions a deep blue 
precipitate of ferric ferrocyanide, Fe4(FeCeNe)a 
(Prussian blue). 
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The test is best made in a solution slightly acid 
with hydrochloric acid : 

2Fe,Cl6 + 3K4(FeC6N6) = Fe^(FeCeNe)3+ 12KC1. 

' , > 

Potassium Ferricyanide produces no precipitate 
with a ferric salt, but changes the color of the 
solution to a dark brown (distinction from ferrous 
salts). 

Ferric TJiiocyanate, — Potassium thiocyanate 
(sulphocyanide) gives a deep red color of ferric 
thiocyanate, Fe2(CNS)6, even in excessively dilute 
solutions. The reagent should be added in mod- 
erate excessj, and the solution be acid with hj^- 
drochloric acid. Certain acids, as acetic, tartaric, 
oxalic, phosphoric, hydrofluoric, arsenic, etc., inter- 
fere with the reaction, and when any one of them 
is present the hydrochloric acid must be added in 
large excess. 

A similar color is produced by nitiic acid if the 
acid be strong or the solution hot. By adding a 
little alcohol and warming, the color, if due to 
nitric acid, will disapj^ear. 

This test is the most characteristic and delicate 
for ferric salts. Feri'ous salts give no color with 
the thiocyanate. 
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ZINC (Zn). At. wt. 65.4 ; sp. gr. 6.9-7.2. 

Zinc is a bluish-white lustrous metal. At or- 
dinary temperatures commercial zinc is brittle, but 
becomes malleable at temperatures between 100° C. 
and 150° C. ; at 210 ' C. it becomes so brittle that 
it may be finely pulverized. It melts at 419° C, 
and boils at about 950° C, and may be easily dis- 
tilled at a bright red heat, the vapors given off 
burning in the air with a bright white light and 
the formation of zinc oxide, ZnO. When exposed 
to the air zinc becomes gradually coated with a 
thin film of basic carbonate. 

Zinc is found in considerable quantity, the 
principal ores being the carbonate, silicate, and 
sulphide. 

Pure zinc is scarcely at all soluble in acids, but 
the presence of any impurity even in small 
amount causes it to dissolve easily. With dilute 
hydrochloric and sulphui'ic acids it evolves hydro- 
gen (a). With very dilute nitric acid ammo- 
nium nitrate or nitrous oxide is formed (5 and c), 
and in stronger acid nitric oxide (d). 

It is also soluble in sodium or potassium hy- 
droxides {e). 



(a) Za+H,SO, = ZiiSO,- 

(b) 4Zn -I- lOIINOa 

= 4Zn(N0,), + NIl^NO^ + 311^0 

(.-) 4Zq + lOHNOg = 4Zn(N03)i + NS + 5H,0 

(d) SZn + SHNOa^ 3Zn(N03),+ 2NO + 4HgO 

(e) Zn + 2K0H = KJinO, +1^ 

Zinc foiins one oxide, ZnO, white, and the hy- 
droxide, Zn(_OH)j. Both are easily soluble in 
acids. 

Ziuc salts are colorless unless the acid be col- 
ored. Some ai'e soluble iu water, the rest in acids. 

Zinc Sulphide (ZtiS). — From neutral solutioDB 
of zinc salts, even those of the stronger acids, hy- 
drosulphuric acid precipitates the greater part of 
the zinc as a white sulphide. From solutions of 
the acetate the precipitation is complete, even in 
presence of free acetic acid. For this reason if a 
moderate excess of sodium acetate be added to a 
neutral or slightly acid solution of a zinc salt in 
one of the stronger acids and IIjS be added, the;; 
'e of the zinc will be precipitated as sulphide' 

= ZnS + 2NaCl + SlICsHjO, 



ZINC. 76 

This reaction is particularly useful as a separa- 
tion from manganese, which is not precipitated 
under these conditions. 

Aminonium SiilpTiide in neutral or alkaline 
solutions produces the same white precipitate of 
sulphide. Presence of ammoniiun chloride aids 
the precipitation. 

Zinc Sulphide is easily soluble in hydrochloric, 
nitric, and sulphuric acids, and insoluble in sodium, 
ammonium, or potassium hydroxides. 

Zinc Hydroxide (^Zn(^OH)^. — Sodium and po- 
tassium hydroxides produce white precipitates of 
zinc hydroxide, which are easily soluble in an ex- 
cess of the precipitant. These alkaline solutions 
if concentrated are not precipitated on boiling, 
tut when dilute the greater part of the zinc pre- 
cipitates : 

ZnCls + 2K0H = Zn(0H)2 + 2KC1 ; 

T 

ZnOHg + 2K0H = K^ZnO^ + 2H2O. 

' . ' 

Ammonium, Hydroxide added to neutral or 
slightly acid solutions also precipitates the hy- 
droxide, which is easily soluble in excess of the 
ammonia. Presence of ammonium salta ot tlxa 
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presence of much free aciJ in the original solution 
(forming ammonium salt on addition of ammonia) 
interferes with or prevents the precipitation. 

If the alkaline solution be boiled, the zinc par- 
tially precipitates if the solution be a concentrated 
one; if dilute the precipitation is complete. 

Zinc Carhonate. — The soluble carbonates give 
white precipitates of basic carbonate, insoluble in 
excess of sodium or potassium carbonate, and sol- 
uble in excess of ammonium carbonate Presence 
of ammonium salts prevents these precipitations 
either wholly or partially according to the quan- 
tity present. 

Barium Carhonate does not precipitate zinc 
salts from a cold solution, with the exception of 
the suli)hate. 

Zinc Cyanide, — Potassium cyanide throws down 
white zinc cyanide, which is easily soluble in excess 
of the reagent : 

ZnCI, + 2KCy = ZnCy, + 2KC1 ; 

' — , — ' 

ZuCya + 2KCy = ZnCy2,2KCy. 

From this solution, if the excess of potassium 
cyanide is not great, the zinc may be precipitated 
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as sulphide by the addition of sodium or potas- 
sium sulphide. 

Hydrosulphuric acid and ammonium sulphide 
act slowly and imperfectly. 

Color Test — If to a solution of a zinc salt a few 
drops of cobalt nitrate (sufficient only to give a 
faint pink color) be added, the solution then made 
alkaline with sodium carbonate, boiled, filtered, 
and washed, and the precipitate ignited on a plat- 
inum capsule, a green mass will be obtained. 
The color shows more distinctly if the ignited 
precipitate be pulverized. 

MANGANESE (Mn). At wt. 55 ; sp. gr. 6.85-8. 

Manganese is a whitish gray, lustrous metal, 
very hard and brittle. It is very difficultly fusi- 
ble, its melting-point being about 1900° C. 

It oxidizes very easily in the aii', and decom- 
poses water with evolution of hydrogen. 

Manganese is easily soluble in all acids. 

With copper it forms a valuable alloy resem- 
bling bronze, and alloyed with iron it forms spie- 
geleisen, or ferromanganese, used in the manufac- 
ture of steel. 

Manofanese forms a number of different oxides 
— MnO, Mn304 , Mn^^Og , MnOg , and ijjto\)«\A^ 



r 

I 
I 
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MdOs and MuaOj. The oxiiles MnO,, and MhjO 
are the anhydridea of Jimnganic, ILMuO^, amj' 
permanganic acids, HaMn^Og. Manganic acid has 
not been separated, but many of its salts are 
known. The oxides MnO, Mi],04, and MngOg are 
basic oxides, and dissolve in hydrochloric or sul' 
phuric acid, forming raanganous or manganii 
salts. If the acid is hot the solutions contain 
only manganous salt. MnO^ acts both as a basic 
and an acid oxide : 

MnO + 2HC1 = MnCla + H^O ; 

MnA + 6HC1 (hot) = SMnCl^ + 01. + SH^p ; 

MnO, + 4HC1 (hot) = MuCl, + Cla + SH^O j 

2MnO, + 2HsS04 (cone, hot) 

= 2MnS0, + 2HbO + O^ 

The stable salts of manganese are those coi 
responding to manganous oxide, MnO. They 
colorless or pink. Some are soluble in water, th» 
rest in acids. 

Manganoiis Sulphide (MiiS). — Ammonium 
sulphide in neutral or alkaline solutions precipi- 
tates manganese as a flesh-colored sulphide. Tho 
precipitate is readily soluble in acids, even ia 
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acetic. On exposure to the air it turns brown, ow- 
ing to oxidation. Presence of ammonium chloride 
helps the precipitation : 

MnCl^ + (NH4)2S = MnS + 2NH4CI. 

Mangaiwiis Hydroxide (^Mn(^OH)^. — Potas- 
sium and sodium hydroxides give precipitates of 
manganous hydroxide which are white at first 
but quickly change to brown and finally to a 
dark-brown, almost black color, due to the pre- 
cipitate oxidizing to a higher oxide, probably 
Mn804 , xRzO : 

MnCljj + 2K0H = Mn(OH), + 2KC1. 

Ammonium Hydroxide added to neutral solu- 
tions causes a partial precipitation of the man- 
ganese as hydroxide, a portion remaining in 
solution as a double salt of manganese and am- 
monium. Solutions containing much free acid or 
ammonium salt are not precipitated by ammonia 
owing to the formation of this double salt : 

2MnCl2+2NH40H=Mn(OH)2+MnCl2 , 2NH4CL 
Manganous hydroxide is soluble in ammoxi\\xm 
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chloride, but after oxidation the precipitate is in- 
soluble : 

Mn(OH)2+4NH4CI=MnCl„2NH4Cl+2NH40H. 

The alkaline solution on standing absorbs oxy- 
gen, and a brown precipitate is thrown down. 

Manganous hydroxide in piesence of free alkali 
is oxidized to MnO^, H^O by bromine or hydrogen 
dioxide : 

Mn(0H)2 + 2K0H + Br^ 

"^ =Mn02,H,O + 2KBr + H,0. 

Bromine also precipitates solutions of man- 
ganous salts containing sodium acetate, as dioxide. 
Heating assists the reaction : 

MnClg + 4NaC,H30, + Br^ + SH^O 

= MnO,,H20 + 2NaCl + 2NaBr + 4HC,HA- 

Manganous Carhonate. — The soluble carbonates 
precipitate manganous salts as the normal carbon- 
ate or as a mixture of caibonate and hydroxide. 
The precipitate is insoluble in an excess of the 
precipitant. 

Barium Carbonate produces no precipitate ex- 
cept in solution of the sulphate. 
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Sodium Mavganate {Na^^MnO^, — If any com- 
pound of manganese be fused in a platinum caj)- 
sule with a mixture of sodium potassium carbon- 
ate and an oxidizing agent such as sodium nitrate, 
the fused mass on cooling will have a characteris- 
tic bluish-green color, due to the formation of 
sodium manganate : 

3Mn(OH)2 + Na^COa + iNaNOg 

= 3Na^n04 + CO^ + 4N0 + 3HA 

The same result may be obtained by fusing the 
substance in a bead of sodium potassium caibonate 
held in a loop of platinum wire, in the oxidizing 
fl^me of the blowpipe or Bunsen burner : 

Mn(0H),+Na,CO3+O,=NaoMnO4+0O,+H2O. 

Pei'manganic Acid {H.^Mricfi^, — If a few 
drops of a solution of a manganous salt, which 
must be free from chlorine or chloride, are boiled 
with a large excess of concentrated nitric acid, and 
then some lead dioxide* add'^d and the solution 



*The lead dioxide should be tested in the same way to see if it 
contains any maDganese, as the latter is sometimes found in it as an 
impurity. 
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diluted, the liquid will have a purple color from 
the permanganic acid formed in the reaction : 

2MnS04 + 2Pb02 + 2HN08 

= H^Mn A + 2PbS04 + 2N0. 

Bead Test. — ^If any compound of manganese* be 
fused in a borax or sodium metaphosphate bead 
in the oxidizing flame of the blowpipe or Bunsen 
burner, an amethyst-colored bead is obtained. In 
the reducing flame the color is destroyed. 

COBALT (Co). At. wt. 58.9 ; sp. gr. 8.96. 

Cobalt is steel-gray, lustrous, hard and mallea- 
ble, and ductile at a red heat. It is slightly mag- 
netic even at a full red heat. In the air at oi'di- 
nary temperatures it does not oxidize. In hot 
dilute hydrochloric or sulphuric acid it dissolves 
with evolution of hydrogen, but the best solvent 
is dilute nitric acid. The solutions contain co- 
baltous salts. 

Cobalt forms three distinct oxides, CoO, C03O4, 
and CogOa- With some few exceptions the stable 
salts of cobalt are those corresponding to cobalt- 
ous oxide, CoO. 
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The higher oxides are soluble in hydrochlonc 
acid with evolution of chlorine and formation of 
cobaltous salts. 

The cobaltous salts in solution or in the cirystal- 
line state are generally red or pink, and the anhy- 
drous salts are mostly blue. A solution of co- 
baltous chloride on evaporating nearly to diyness 
changes to blue, but on addition of water the pink 
color is restored. 

Cobaltous Sulphide (^CoS). — Hydrosulphuric 
acid added to neutral cobaltous salts of the min- 
eral acids causes a partial precipitation of the 
metal as sulphide. Presence of free strong acid 
prevents the precipitation. Neutral solution of 
the acetate is almost wholly precipitated, but pres- 
ence of free acetic acid prevents the precipitation, 
or nearly so. If, however, an excess of an alkali 
acetate be present, then HgS precipitates the cobalt 
completely, especially on heating, even in presence 
of free acetic acid. 

Ammonium Sulphide added to neutral or alka- 
line solutions completely precipitates the metal as 
sulphide. Presence of ammonium chloride aids 
the reaction. 

Cobalt sulphide is insoluble in alkalies, and 
nearly so in acetic acid. In hydrocblovic advi \V 
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dissolves with difficulty, and when precipitated 
from hot solutions it is almost insoluble in that acid. 
Nitric acid and aqua regia dissolve it on heat- 
ing: 

C0CI2 + (NH4)2S = CoS + 2NH4a. 

Cobalto^is Hydroxide Co{OII)^. — Potassium 
and sodium hj^droxides give at first a blue precip 
itate of basic salt, which on boiling is converted 
into the pale red hydroxide. The precipitate is 
insoluble in an excess of the dilute alkali, but sol- 
uble in acids and in ammonia and ammonium car- 
bonate : 

C0CI2 + 2K0H = Co(OH)2 + 2KC1. 

' , ' 

Ammonia in neutral solutions skives the sam^ 
precipitate as sodium or potassium hydroxide, bufc 
it is easily soluble in an excess of ammonia, form— 
ing a brownish-yellow liquid. In acid solutions 
or those containing ammonium salts, ammonia- 
gives no precipitate. 

The precipitation of cobalt as hydroxide i^ 
interfered with or prevented by the presence ox 
non-volatile organic acids or sugar. 
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Oobaltous Carbonate. — Sodium and potassium 
cai'bonates give precipitates of basic carbonate 
which are insoluble in excess of the reagent. 

Barium Carbonate in the cold precipitates only 
a solution of the sulphate. 

Cobaltons Cyanide. — Potassium cyanide pro- 
duces a brownish-white precipitate of cobaltous 
cyanide which is very easily soluble in an excess 
of the precipitant, with formation of a double cy- 
anide : 

CoCl, + 2KCN = Co(CN), + 2KC1 ; 

Co (CN% + 4KCN = Co(CN)o,4KCN. 

* , ' 

From this solution the cobaltous cyanide is re- 
precipitated on the addition of hydrochloric acid : 

Co(CN)2, 4KCN + 4HC1 

= Co(CN), + 4KC1 + 4HCy. 

>- — , — -' 

If to a solution of the double cyanide contain- 
ing some excess of KCN a few drops of hydro- 
chloric acid be added (so as to liberate some hy- 
drocyanic acid) and the solution boiled, or better 
if it be mixed with some potassium hydroxide 
and chlorine or bromine added to the cold solu- 
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tion, the cobaltous double cyanide is changed to po- 
tassium cobalticyanide, K6Co2(CN)i2, from which 
solution acids do not reprecipitate the cobaltous 
cyanide. 

The reaction with hydrochloric acid yielding 
free hydrocyanic is perhaps represented by the? 
following equation : 

2(Co(CN)2, 4KCN) + 2HCN 

=KeCo,(CN),2 + 2KCN + H,, 

and with bromine or chlorine by this : 

2(Co(CN)2, 4KCN) + Br^ = 

KeCo,(CN)i2 + 2KBr. 

Nickel forms no corresponding compound. 

Potassium Oobaltic Nit/t-ite.—li a moderate ex- 
cess of potassium nitrite (it is well to add it in 
the solid form so as to avoid diluting the solution) 
be added to a cobaltous solution that has been 
made acid with acetic acid, the cobalt will be pre- 
cipitated as a yellow precipitate of potassium ca 
baltic nitrite : 

2Co(N03)2 + lOKNO, + 4HNOo 

= KeCo^CNO^i. + 4KNO3 + 2N0 + 211,0. 
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The more concentrated the solution the more 
quickly the reaction takes place. With dilute 
solutions the precipitation is very slow, often re- 
quiring as much as 24 hours or more before it is 
complete. Even with strong solutions the test 
should be allowed to stand for at least 12 hours. 
Nickel salts are not precipitated by potassium 
nitrite when cobalt and nickel only are present in 
the solution. 

In the Bo7*ax Bead cobalt compounds give a 
beautiful deep blue color in either the oxidizing 
or reducing flame of the Bunsen burner or blow- 
pipe. The test is exceedingly delicate and very 
characteristic. 

NICKEL (Ni). At. wt. 58.7 ; sp. gr. 8.97-9.26. 

Nickel is a lustrous white metal with a yellow- 
ish-gray tinge. It is hard, malleable, ductile and 
very tenacious, and slightly magnetic. It fuses with 
difficulty, and does not oxidize in the air at ordin- 
ary temperatures. On heating itdissolves slowly in 
hydrochloric and dilute sulphuric acids, but is 
easily soluble in dilute nitric acid. In concentrated 
nitric acid it is passive. In these solutions the 
nickel is in the form of nickelous salt. 

Nickel is found in the metallic state in some 
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•not4M>iites, In its princij>al ores it exists in com- 
tiilintioii witli ai"^enio or sulphur. 

Thoi^t* aiv tlnve oxiiles — NiO, NigO^, and NioOj. 
Tho iUHliiinrv stilts of nickel are those conespond- 
\U}i to uiokolous oxide, NiO. This oxide and its 
hydhjxido, Ni((>lI)o, are gi-een; both are readily 
i*olul>lo in liyili\>chloric, nitric, and sulphuric acids. 
Tht^ highor i>xide8 dissolve in hydrochloric acid to 
nIrkolotM Halt, with evolution of chlorine. 

In tho auhvil!\>us condition nickelous salts are 
UNUally t>r a yellow color, and in the hydrated 
Ntnto tht^y are given. 

NiiMoiiH SidjihUk {NiS). — Hydrosulphuric 
acid ai^tn in the same manner with nickelous salts 
aH with thime of cobalt. 

Aunmmium Sulphide in neutral or alkaline 
HolutioUH produces a black precipitate of nickelous 
Hulphide, whicli is slightly soluble in ammonium 
Hulphidc^ particularly in presence of much free 
ammonia. 

This alkaline solution of the nickel sulphide is 
brown. By neutralizing the solution with acetic 
acid and warming the nickel sulphide is precipi- 
tated. The presence of ammonium chloride or 
acetate aids the precipitation of nickel as sul- 
phide. Nickel sulphide is very slightly soluble 
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in acetic acid, and dissolves with difficulty in di- 
lute hydrochloric. It is easily soluble in nitric 

acid and in aqua regia on heating : 

NiClg + (NH,)2S = NiS + 2NH4CI. 

Nickelous Hyd/i'oxide (iW(6>Z?)2).— Potassium 
and sodium hydroxides give a light green precipi- 
tate of nickelous hydroxide, which is insoluble in 
an excess of the precipitant : 

NiClg + 2K0H = Ni(0H)2 + 2KC1. 

Ammonia in neutral solution causes a slight 
turbidity, but on the 'further addition of the re- 
agent this dissolves to a blue liquid containing a 
combination of nickelous salt and ammonia. In 
presence of ammonium salt or free acid ammonia 
gives no precipitate. 

Nickelous Carbonate. — Sodium and potassium 
carbonates give precipitates of green basic carbon- 
ate of nickel, insoluble in excess of the rengent. 

Barium Carhoiiate in the cold precipitates only 
solutions of the sulphate of nickel. 

Nickelous Cyanide {NiCy^^). — Potassium cya- 
nide produces a green precipitate of nickelous 
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cyanide, which is readily soluble in an excess of 
the reagent. From this solution the nickelous 
cyanide is reprecipitated by acidifying the liquid 
with hydrochloric or sulphuric acids : 

NiCl^ + 2KCN = Ni(CN)2 + 2KC1 ; 

> , ' 

]Sri(CN)2 + 2KCN = Ni(CN)„ 2KCN ; 

Ni(CN)„ 2KCN + 2HC1 

= Ni(CN)2 + 2KC1 + 2HCN. 



If the solution of the double cyanide be made 
strongly alkaline with potassium hydroxide and 
chlorine or bromine be added (care must be taken 
to keep the solution alkaline)^ the nickel will be 
precipitated as the black hydroxide, Ni2(OH)6 : 

2(Ni(CN)2, 2KCN) + 6K0H + Br, 

= Nio(OH)6 + 2KBr + 8KCN. 

« , ' 

This reaction enables us to separate nickel from 
cobalt ; the latter it will be remembered gives no 
precipitate under the same conditions, but changes 
to cobalticyanide, which remains in solution. 
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Bead Test — When fused in the borax bead in 
the oxidizing flame nickel compounds give a red- 
dish-brown color. With sodium metaphosphate 
the bead is yellow or reddish yellow in both 

flames. 



SEPARATIONS — THIRD AND FOURTH 

GROUPS. 

If we examine the reactions of the metals of the 
third and fourth groups with ammonia in pi-esence 
of ammonium chloride, we find that those of the 
third group and ferric salts of the fourth are pre- 
cipitated by this reagent as hydroxides, insoluble 
in an excess of the reagent. This would seem to 
offer an excellent method for separating these 
metals from the remaining ones of the fourth 
group, but it has been found in practice that these 
hydroxides if present in considerable quantity 

« 

always carry down some of the other metals as 
well, so much so in fact that if the latter were 
present in small quantity only they might be 
completely precipitated. 

By dissolving the precipitate in hydrochloric 
acid and reprecipitating with ammonia it is possi- 
ble to remove them to some extent, but not en- 
tirely. When very exact results are not required, 

92 
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or when the hydroxides are present in small quan- 
tity, this separation may be used to advantage. 

The reaction with barium carbonate in a solu- 
tion of the chlorides affords one of the most accu- 
rate methods for separating the third-group and 
ferric salts from the fourth-group metals. The 
test should be made on a cold solution that is 
neutral or only slightly acid, and a moderate ex- 
cess of the finely divided carbonate added 
(freshly precipitated barium carbonate acts most 
rapidly). The mixture must be allowed to stand 
for some time and until no more carbon dioxide is 
evolved. When this plan of separation is adopted 
the cobalt and nickel are generally separated first 
as sulphides. 

The method of procedure is given in Scheme 
Number III. 

The hydroxides of the third group and iron 
may be separated in various ways. If we make 
use of their different solubilities in excess of so- 
dium or potassium hydroxide, we can separate the 
aluminium and chromium hydroxides, which are 
soluble, from that of iron (and titanium), which 
is insoluble. 

The chromium and aluminium can then be sep- 
arated from each other by oxidizing the chromium 
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the scheme with bromine in a solution of the 
cyanides is accurate and rapid. The precipitation 
of the cobalt with potassium nitrite, and of the 
nickel in the filtrate with potassium hydroxide, 
gives excellent results, but the test requires a long 
time before the precipitation is complete. 

Zinc and manganese may be separated as given 
in the scheme, or, taking advantage of the differ- 
ence in solubility of their sulphides in acetic acid, 
we can effect the same result by treating a solu- 
tion of their acetates made acid with acetic acid, 
with HgS ; the zinc is thrown down as sulphide, 
and the manganese remains in the solution, from 
which, after filtering out the zinc sulphide, it may 
be precipitated as hydroxide with potassium hy- 
droxide. Solution of salts of the stronger acids 
may be separated in the same way by adding a 
moderate excess of sodium acetate and acetic acid 
before precipitating with HgS. The separation 
of the metals of the third and fourth groups is 
somewhat complicated in the presence of phos- 
phates, silicates, organic matter, etc., and therefore 
requires some modification of the ordinary meth- 
ods of analysis. In Scheme IV a method is given 
in which the presence of these acids is provided 
for. 
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KoTE 1. — If the solution to be analyzed is J 
fiitrate from the f^eparation of the fifth and eb 
groups, the H^S contained in it should be expell 
by boiling. After this has been done, ferro 
.jalts K present (determined by testing a fen 
drops of the solution with potassium ferric] 
Hide) ai-e oxidized to ferric by the addition of 1 
little concentrated nitric acid, and boiling. 

A test for non-volatile organic matter must a 
be made at this point, unless it has ali'eady \ 
tested for in the preliminary examination in ta 
glass tube (see complete analysis). The test 3 
made by evaporating a small quantity of t^ 
liquid, which should be made acid (best with so] 
phune acid) if not so already, to dryness, 
igniting gently, A black carbonaceous residil 
proves the presence of organic matter. In pr( 
ence of much nitric acid or nitrate the blackenic 
may be only transient, due to the carbon beioi 
quickly oxidized by the oxygen of the nitric aci^ 
or nitrate. lu cases of this kind more or let 
deflagration will be noticed. Should organifl 
matter be found, the main portion of the solutiiM 
must be evaporated to dryness (best after additiol 
of some concentrated nitric acid) and ignited at i 
temperature just sufficient to thoroughly carbola 
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ize the organic matter present. No attempt should 
be made to burn oflf the carbon, as the high tem- 
perature necessary would make the oxides of iron, 
alumina, and chromium very insoluble. After 
the residue has been completely carbonized, add 
a small quantity of strong hydrochloric acid and a 
little water, and boil for some time, and filter. 
The filtrate is now ready to be tested with 
ammonia, ammonium sulphide, etc. 

These preliminary operations completed, a small 
portion of the solution is taken and ammonium 
chloride and a slight excess of ammonia added. 
Note carefully whether the latter causes any pre- 
cipitate, and if so what color it is, then add ammo- 
nium sulphide and see if it produces any further 
precipitate and of what color. (A light-colored 
precipitate would indicate the absence of metals 
yielding black sulphides, viz., iron, cobalt, and 
nickel.) • 

Should ammonia have produced a precipitate, 
and the original solution have an acid reaction 
(neutral solutions cannot contain phosphates), 
take another small portion of the liquid from 
which the H^S has been expelled, and the iron 
oxidized, and add a moderate quantity of tartaric 
^id, then make alkaline with ammonia. If the 
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latter still causes a precipitate it indicates the 
presence of phosphates, etc., of the second group, 
and the solution must be analyzed according to 
Scheino IV. The tartaric acid in this test is used 
to prevent the precipitation of iron, alumina, and 
chromium as hydroxides or phosphates. 

If in the test last given ammonia produces 
no precipitate, the mixture is to be analyzed by 
Schemes II or III. 

If in the first test ammonia gave no precipitate, 
metals of the third group and iron must be absent, 
and no further testing for them is necessary. 
Should ammonium sulphide also have produced 
no precipitate, the fourth group cannot be present, 
and the rest of the solution is tested at once for 
the second group. 

Our preliminary tests completed, and the results 
indicating the absence of phosphates, etc., and the 
presence of third, and fourth-group metals, we will 
return to the treatment of the main portion of our 
solution. 

A moderate quantity of ammonium chloride is 
added to form a double salt with the manganese 
(and with magnesium if second-group metals are 
present), and to aid the precipitation of the fourth- 
group metals as sulphides. If the original solution 
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is acid it may not be necessary to add any ammo- 
nium chloride, as suflScient may be formed when 
the solution is neutralized with ammonia. One 
will have to judge as to whether this is the case 
or no by noting the quantity of ammonia required 
to make the solution neutral. 

After the addition of the ammonium chloride 
or its formation in the solution, enough ammonia 
is added to make the solution faintly alkaline. 
An excess is to be avoided, as it not only dissolves 
appreciable quantities of aluminium and chro' 
mium hydroxides, but also helps to carry nickel 
sulphide into solution. 

The -ammonium sulphide should be added until 
the solution after shaking smells distinctly of that 
reagent. 

Thorough stirring or shaking, and heating the 
liquid gently for some time, aids the precipitation 
and causes the precipitate to collect in large par- 
ticles that are more easily filtered. The precipita- 
tion is best made in a small flask that can be 
corked, and the mixture in it thoroughly shaken. 
The precipitate should be washed with water to 
which a few drops of ammonium sulphide have 
been added. 

Note 2. — It is better to remove the precipitate 
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from the filter-paper and treat it in a beaker or 
test-tube with the acid. It should be well shaken, 
so that every particle of the precipitate will come 
in contact with the solvent. In case the amount 
of the precipitate is small, it may be removed 
from the filter by making a hole in the point of 
the latter and washing the precipitate through 
with a little water. 

If the treatment with acid leaves no black resi- 
due, cobalt and nickel cannot be present. 

A small quantity of iron sulphide is sometimes 
left undissolved in the residue. 

Note 3. — The test for cobalt with the borax 
bead is so delicate, even in the presence of large 
quantities of nickel, that no other test for it is 
generally required. 

Note 4. — In the treatment with potassium 
cyanide care must be taken not to use too great an 
excess ; a little more than enough to dissolve the 
precipitate first formed by the cyanide is suflScient. 
It must be remembered that cobalt and nickel 
cyanides dissolve in potassium cyanide very easily, 
and if there is any portion of the precipitate that 
does not go into solution readily it should be 
filtered out, as it is probably a little ferric hydrox- 
ide fonned from a small amount of ferrous sul- 
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phide left undissolved by the hydrochloric acid in 
the first treatment of the sulphides. The solution 
must be kept decidedly alkaline with KOH, and 
a moderate quantity of bromine added. 

Note 5. — After the solution has been evapo- 
rated to expel the excess of acid, it must be 
diluted with very little water, so as to keep it 
concentrated, and the solution of potassium 
hydroxide should be strong, and added in con- 
siderable excess in order to insure solution of the 
zinc. A few drops of pure bromine (not bromine 
water) are then added if the color indicates chro- 
mium, and the solution gently heated for a few 
minutes to make sure of oxidizing the latter ; the 
liquid is then boiled for a short time and filtered. 
In making this separation care must be taken to 
teep the mixture strongly alkaline. 

Note 6. — This precipitate may be tested for 
manganese by fusing it in a platinum capsule with 
a mixture of sodium potassium carbonate and 
sodium nitrate, when the green manganate will be 
formed. 

Note 7. — The state of oxidation of the iron is 
of course not shown by this test. In order to 
determine it, the original solution must be tested 
before any oxidizing or reducing agents have beeii 
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added, with potaasiuin fenicyanide for ferrous 
salts and the thioeyanate for ferric. 

Note 8. — Titanium is so seldom met with 
except in the analysis of some iron ores and fur- 
nace pi-oducts, that ita presence is rarely considered 
in an oi-dinary analysis. When required to test 
for titanium it is better to fuse some of the 
original material with jiotassium disulphate, dis- 
solve the fusion in cold water, and test with 
hydrogen dioxide, or metallic ztnc, or any other 
characteristic test. 

Note 9. — If this solution be saturated with 
HkS, aluminiam if present would be precipitated 
as hydroxide. It can, however, be easily distin- 
guished from zinc sulphide by adding some more 
potassium hydroxide, in which it is readily soluble, 
while the ziue sulphide is insoluble. 

Note 10. — An excess of ammonia must not be 
added. Heating the solution helps the precipita- 
tion of the aluminium hydroxide. The precipitate 
is insoluble in ammonium chloride (distinction 
from zinc hydroxide). 

Since alumina and silica are common impuritiea 
in sodium or potassium hydi'uxides, it is always 
well to take a quantity of the alkali equal to that;- 
used in the test for alumina, and treat it witli- 
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hydrochloric acid and ammonia in precisely the 
same way, and if any precipitate is obtained com- 
pare it with that from the regular test. If much 
less, it is safe to conclude that the substance 
under examination contains alumina. 

Note 11. — Only a drop or two of the lead 
acetate should be added, so as to avoid the pre- 
cipitation of lead chloride or bromide, as any con- 
siderable quantities of these white precipitates 
might hide small amounts of the yellow chromate. 



Scheme IV. 

THE SEPARATION AND DETECTION OP Al, Cr. Pe. Co. 
Ni, Mn, Zn, Ba, Ca Sr. and Mg IN THE PRESENCE OF 
PHOSPHORIC, OXALIC. BORIC, SILICIC, OR HYDRO- 
FLUORIC ACID. 

If a solution containing the above-irientioned 
acids and bases is made alkaline with ammonium, 
hydrate the following is likely to occur : 

H3PO4 ppts. Al Cr Fe(ic) Co Ni Mn Zn Ba Sr Ca Mg 

H BOq " ** ** ** ** ** ** " " ** ** ** 

HoSiOs ** ** ** ** ** ** ** ** ** ** ** ** 

XTXfl tl t< (< l( (< (( t( t( (< (( (( (( 

HaCa04 ** chiefly " " 

If the test with tartaric acid and ammonia {see 
Note 1, Scheme II) has indicated the presence of 
phosphate, etc., a few preliminary tests should be 
made before proceeding further. Several small 
portions of the solution are taken and tested as 
follows : 

I. Make slightly alkaline with ammonia, filter 
out precipitate and dissolve it in a small quantity 
of dilute nitric acid, and add an excess of ammo- 
nium molybdate. A yellow precipitate proves the 
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presence of phosphoric acid. (Arsenic acid, which 
acts like phosphoric, will have been removed with 
the fifth and sixth group metals as sulphide.) 

II. Oxalates are seldom met Avith in an analv- 
sis. They may be detected by heating the solu 
tion (the more concentrated the better) with some 
manganese dioxide (free from carbonate) and a 
little dilute sulphuric acid. If present, there will 
be an effervescence and evolution of carbon diox- 
ide (COjj), which may be recognized by its action 
on lime-water (^see Carbonic Acid). 

III. Silicic acid when present is generally re- 
moved before beginning the tests for the metals 
by evaporating an acid solution to diyness and 
taking up the residue with acid and water (^see 
Silicic Acid). 

The same test may be applied here if neces- 
sary. 

Borates and fluorides are usually held in solu- 
tion (or sufficiently so) by the ammonium chloride 
present, so that they do not interfere to any great 
extent, and no modification of the method of an- 
n-lysis is required. 

We are now ready to proceed with the separa- 
tion, supposing the presence of phosphates, etc., 
to have been shown by the tests just made. 
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Boil out HjS, if present. Add a few drops of 
HNOs and boil (Note 1). If HjCA or organic 
matter ia present, evaporate to dryness and ignite 
■gently. If tliese are not present, but silicic acid 
18, then acidify with HCl and evaporate to dry- 
ness, but do not ignite (Note 9). Treat the 
residue with HCl (cone), dilute with HgO, and 
boil; it dissolves wholly or leaves a white residue 
of SiO^ Filter. If neither osalic nor silicic 
acids are present the solution after boiling with 
nitric acid to oxidize the iron is treated according 
to filtrate 1°. 
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then be added. If iron or aluminium salts are 
present, a precipitate of their phosphates may 
then be thrown down. If suflScient iron is pres- 
ent to precipitate all the phosphoric acid, the 
solution, after the addition of the ammonium ace- 
tate, will have a red color, due to ferric acetate. 
If the solution, however, remains colorless, ferric 
chloride must be added, drop at a time, until the 
red color appears or until a few drops of the 
liquid give a red precipitate with ammonia. Any 
large excess of iron is to be avoided, but enough 
to give a reddish tinge to the liquid is necessary 
to insure complete precipitation of the phosphoric 
acid. 

The ferric acetate is precipitated on boiling 
the dilute solution as- a basic acetate, and any 
ferric phosphate that it may have been held in so- 
lution is thrown down at the same time. A small 
amount of free acetic acid is necessary in the 
reaction to prevent any zinc or manganese pre- 
cipitating. The solution should not be boiled 
more than four or five minutes, and it must be 
quite dilute. 

The filtration should be carried on rapidly, the 
liquid being kept hot, and the precipitate washed 
with boiling water. 
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Note 4. — Although aluminium phosphate is 
not completely decomposed by fusion with sodium 
carbonate, still sufficient of it goes into solution 
to give a satisfactory test for aluminium. 

Another method that could be used would be 
to treat the precipitate with potassium hydroxide. 
The aluminium and chromium basic acetates and 
phosphates are soluble in this reagent, and go 
into solution. The chromium is then oxidized 
in the alkaline solution with bromine, and the 
chromium determined in one portion by acidify- 
ing Avith acetic acid, filtering if necessary, and 
adding lead acetate. The alumina is deteiminod 
in the other part by acidifying with hydrochloric 
acid and then making alkaline with ammonia. 



METALS OP THE FIFTH GEOUP. 



r 

H The common metals of this group are : Silver 

■ (Ag), Lead (Pb), Mercury (Hg), Bismuth (Bi), 

■ Copper (Cu), and Cadmium (Cd). 

■ The chief characteidstics of the group are the 
I precipitation of the metals by HsS fiom acid 

solutions, and the insolubility of these precipi- 
tates in alkaline sulphides (note exceptions to 
latter under mercury and copper). 

HgS or alkaline sulphides also precipitate neu- 
tral or alkaline solutions in the same way. 

The group is subdivided into two divisions, 
the firet comprising the metals yielding chloiides 
insoluble in dilute hydrochloric or nitnc acids, 
viz., silver, lead, and mercurous salts. Lead 
often found in both divisions, owing to the fact 
that its chloiide is not veiy insoluble in water, 
and even more soluble in solutions nf certain 
salts. 
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We will now proceed to a study of the indi- 
vidual metals of the group, and when that has 
been eorapleted the separation of the group from 
the other groups, and the detection of its different 
metals, will be explained. 

SILVER (Ag). At wt. io8; sp. gr. 10.53. 

A white, lustrous metal, very malleable, fuses 
ftt 954*" C. It is not oxidized by water or air at 
^^y temperature; is easily attacked by CI, Bi*, 
^J" I, and is quickly tarnished by HgS or sul- 
pirides. 

The proper solvent is nitric acid, in which it is 
^*^adily soluble. It is also soluble in hot strong 
sulphuric acid. 

6Ag + SHNOa = 6 AgNOa + 2N0 + 4H2O ; 
2Ag + 2H2SO4 = Ag,S04 +SO2 +2HA 

Silver Chloride (AgCl). — Hydrochloric acid or 
Soluble chlondes when added to solutions of sil- 
ver salts give a white curdy precipitate of silver 
chloride («) which blackens on exposure to light. 

The precipitate is insoluble in dilute hydro- 
chloric and nitric acids, but is somewhat soluble 
in the strong acids. It is easily soluble in am- 
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monia (J), from which solution it reprecipitates 
on acidifying with nitric acid (c). Also soluble 
in potassium cyanide as double cyanide (d), an<> 
in sodium thiosulphate (hyposulphite) (NagSgOg^ 
(^). Soluble to a considerable extent in concen^ 
trated solutions of chlorides of the alkalies. Th^ 
double cyanide solution is largely used in electro- 
plating, and the reaction with thiosulphate is 
made constant use of in photography, also in the 
extraction of silver from its ores. 

(a) AgNOs + HCl = AgCl + HNO3 ; 

(b) 2AgCl + 3NH4OH = 2AgCl,3NH8 + 3H,0; 

(c) 2 AgC],3NHs+ 3HN03= 2AgCl + 3NH,N0, ; 

> , » 

(d) AgCl + 2KCy = AgCy,KCy + KCl; 

(e) 2AgCl + 3Na3SA 

= AgA08,2Na2SA + 2NaCL 

Silver chloride may be reduced to metal by 
adding to it a piece of zinc and a little dilute 
acid, as sulphuric: 

2AgCl+Zu = Ag + ZaCl,. 
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Fusion of the chloride with sodium carbonate 
effects the same result. 

Silver Bromide (^AgBr). — Soluble bromides 
precipitate silver salts, giving a yellowish-white 
precipitate of bromide, insoluble in dilute nitric 
^icid and less easily soluble in ammonia than the 
Lihloride. Soluble in potassium cyanide and Ihio- 
sulphate, the same as the chloride. Decomposed 
by concentrated hydrochlonc acid, with formation 
of A.gC\. 

Silver Iodide {AgP). — Soluble iodides give a 
yellow precipitate of silver iodide, soluble in ex- 
cess of the reagent, forming a double iodide, and 
in potassium cyanide and thiosulphate. It is 
almost insoluble in ammonia. Insoluble in dilute 
acids. 

Silver Cyanide {AgOy), — HCy or soluble cy- 
anides give white precipitates of silver cyanide, 
easily soluble in excess of reagent. Insoluble in 
dilute nitric acid, and decomposed by the boiling 
concentrated acid. Soluble in ammonia and thio- 
sulphate. Decomposed on ignition into metallic 
silver, cyanogen gas, and paracyanogen. 

Silver Sid/phide (Ago^)- — H;jjS or soluble sul- 
phides precipitate silver salts, giving a black pre- 
cipitate of silver sulphide, insoluble in cold dil\iti^ 
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acids, i^ alkaline sulphides, and in potassium cya- 
nida Easily soluble in boiling dilute nitric acid, 
with separation of sulphur: 

2AgN03 + H^ = Ag^+2HN03; 

3 Ag^ + 8HNO, = 6 AgNOj + 3S+ 2NO + 4H2O. 

» — • — ' 

SUver Oxide (Ag^O). — Sodium or potassium 
hydrates precipitate solutions of silver salts, yield- 
ing brown silver oxide, insoluble in excess of the 
reagent : 

2AgN03 + 2K0H = Ag,0+2KNO,+H20. 

Ammonium hydrate gives the same precipitate 
in neutral solutions, easily soluble in excess of 

ammonia (Ag20,2NH3). 

Silver oxide is decomposed by heat into metallic 
silver and oxygen. 

Silver can easily be obtained in the metallic 
state from its solutions by the addition of one of 
the more electropositive metals, as Cu, Zn, Hg, Fe 
etc., also by many reducing agents, as FeS04 , SO2, 
etc. 
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LEAD (Pb). At. wt. 207; sp. gr. 114. 

Lead is a soft, malleable metal, of a gray color, 
fusing at 335° C. It is insoluble in dilute sul- 
phuric and hydrochloric acids, but dissolves easily 
in dilute nitric acid: 

3Pb + 8HNO3 = 3Pb(N03)2+2NO+4HA 

Water containing air acts on lead forming a hy- 
drate, which soon changes to a basic carbonate. 
This action is increased by the presence of nitrog- 
enous oi'ganic matter, also by nitrates and nitrites. 

Lead forms several oxides (PbO, Pb304 , PbO^,, 
etc.). On ignition the higher oxides are all re- 
duced to PbO, which is the only oxide forming 
stable salts. 

Lead oxide (PbO) is a yellow substance soluble 
in nitric and acetic acids, also in sodium and potas- 
sium hydrates. 

All the stable salts of lead are those of this 
oxide. 

Triplumbic tetroxide, or red lead (Pb304), is, as 
the name implies, of a red or scarlet color. It is 
largely used as a pigment. 

With nitric acid it gives lead nitrate, Pb(N08)2, 
soluble, and leaves a brown residue of lead diox- 



116 LSAD. 

i(le (PbO<). Hydrochloric acid slowly dissolved 
it, with evolution of chlorine. 

Reducing agents, as oxalic or tartaric acids, 
sugar, or alcohol, cause it to dissolve completely in 
nitric acid. 

Lead dioxide, often called puce or peroxide, is of 
a brown color. It is insoluble in nitric acid ex- 
cept when reducing agents are present. With 
hydrochloric acid it yields lead chloride and chlor- 
ine. 

Lead Chloride (PbC%). — In solutions of lead 
salts, not too dilute, hydrochloric acid or soluble 
chlorides give a white precipitate of lead chloride, 
only slightly soluble in cold water, but soluble in 
hot. In dilute hydrochloric acid it is more insol- 
uble than in water. In strong hydrochloric or 
nitric acid it is much more soluble than in water : 

PbCNOa), + 2HC1 = PbCl^ + 2HNO3. 

» — , — » 

If ammonia be added to lead <5hloride it 
changes it to a basic chloride, PbCl2,3PbO,4H20, 
which is veiy insoluble in water. 

Lead Bromide {PhBr.^, — Soluble bromides 
precipitate lead salts as bromide, white, solubility 
in water about the same as the chloride. 
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Lead Iodide {Phl^. — Soluble iodides precipi- 
tate lead iodide, yellow, more insoluble in water 
than the chloride or bromide. Soluble in excess 
of the reagent, forming double iodides (as 
KI,Pbl2 or 4KI,Pbl2). 

Lead Sulphide^ PbS, — H^S or soluble sul- 
phides give with lead salts a black precipitate of 
PbS (a). In presence of much hydrochloric acid 
the precipitate is sometimes red, owing to the 
formation of a compound of lead chloride and 
sulphide (as PbCl2,2PbS) ; on diluting the solu- 
tion with water and adding an excess of HgS, the 
red precipitate is converted into the black sul- 
phide. 

Lead sulphide is easily soluble in hot dilute 
nitric acid, yielding lead nitrate (i). With hot 
concentrated acid it gives lead sulphate (<?). 

{a) Pb(N08% + HgS = PbS + 2HN08; 

{b) 3PbS+8HN08 

=3Pb(N08%+2NO+3S+4H20 

{c) 3PbS+8HN08=3PbS04 + 8NO + 4H80. 

T 

Lead IMpTiate (^PhSO^). — Sulphuric acid and 
soluble sulphates precipitate lead salts as sulphate 
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(ff), white, insoluble in water, and in dilute acids^J 
particularly dilute sulphuric. 

Concentrated hydrochloric dissolves it as lead! 
chloride. It is soluble in boiling ammoniuml 
acetate and in the fixed alkalies. Also soluble isJ 
warm (68° C) sodium thiosulphate (5) (distiuc-l 
tiou from barium sulphate). Presence of muchl 
free nitric acid interferes with the precipitatiottl 
of lead as sulphate, 

(a) Pb(N0s)g+H,S04 = PbSO, + ^HNOg ; 

(S)PbS0, + 3Na,SA 

=-2N'a,SA,PbSA + Na^SO^ 

Lead Hydroxide {Ph{OR)^. — Sodium or po- 
tassium hydrates precipitate lead solutions as h'^y- 
di-oxide, white, soluble in excess of the reagent s^H 

Pb(N03), + 2KOH = Pb(OH),+ 2KN03; ^ 

Pb(OH), + 2K0H = K,PbO, + 2HA 



I 



Ammonia gives precipitates of basic saltw, in- 
soluble iu excess of ammonia. 

With solutions of the acetate not too eoiicfu- 
trated, ammonia gives tiu precipitate owing tu JjJ^ 



fbe formation of a soluble tribasic acetate 

CPbACCsHA).)- 

Zead Carbonate. — Soluble carbonates give 
vvliite precipitates of basic lead carbonates, varia- 
ble in composition. 

Lead ChroTnate (^PhC)'O^. — Solutions of lead 
sa.]ts are precipitated by soluble cbroinates, giving 
a ^Drecipitate of lead chromate, yellow, soluble in 
so<liutn or potassium hydrates, insoluble in dilute 
i^itiic and acetic acids: 

PbCNO^ \ + K3C1O, = PbCi-0, + 2KN0,,. 

In addition to the compounds spoken of, the 
phosphate, oxalate, cyanide (there is no double 
cyanide), and sulphite are insoluble in water. 

Lead salts are easily reduced to the metallic 
state by the more electropositive metals, such as 
I riiic, iron, or magnesium. 

If any lead compound is heated on charcoal in 
the reducing flame of the blowpipe, the lead is 
reduced to the metallic state (a), and a portion 
volati!izcs and forms a coating of lead oxide on 
the ooal. This coating is dark yellow when hot, 
light yellow on cooling. 
The addition of sodium carbonate to the sub- 
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stance before the fusion on charcoal assists th^^ 
reaction very materially (J). 

(a) PbS04 + C = Pb + CO, + SO^ 

(b) 2PbS04+2Na2C03+5C=2Pb+2NaaS+TCO. 

If, instead of making the fusion on charcoal, 
the mixture of NagCOj with the lead compound 
be fused in a porcelain crucible, the reaction is 

different, the lead being obtained as oxide : 
PbSO^ + Na^COa = PbO + Na^O^ + CO^ 

MERCURY (Hg). At wi 200 ; sp. gr. 13.59. 

A white lustrous metal; liquid at temperatures 
between -40° C. and 360° C. 

At the latter temperature it boils and volatil 
izes. It is slightly volatile at ordinary tempera- 
tures. When in a very finely divided state the 
metal appears as a gray or black pulverulent pow- 
der, without metallic lustre. It is not oxidized 
by the air. The best solvent is nitric acid. 

It dissolves easily in dilute acid on heating, or 
in the cold if lower oxides of nitrogen are present 
With cold dilute acid the product is mercurous 
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titrate (a), with hot acid in excess mercuric 
nitrate (b). 

It is also soluble in strong sulphuric acid on 
li elating (e) and in chlorine. 

Cor.) 6Hg + 8HN08= 3Hg,(N03),+ 2N0.+ 4H,0; 
C^) 3Hg + 8HN03= 3Hg(N08),+ 2N0 + 4:U,0; 

C<^) Hg + 2H2S04= HgS04+ SO2 + 2HA 

Hydrochloric acid does not dissolve it. 

A very characteristic property of mercury is its 

power of forming amalgams with many other 

i^^etals. This is made use of on a very large scale 

for the extraction of gold and silver from their 
ores. 

To a few drops of mercury in a watch-glass add 
a little finely divided lead or zinc, and notice that 
the lead or zinc dissolves in the mercury, and that 
the latter becomes pasty. By igniting the amal- 
gam gently the mercury volatilizes and the metal 
with which it was combined is left as a residue. 
. Mercury forms two well-defined oxides, mercur- 
ous oxide (HggO), black, and mercuric oxide 
(HgO), red, and two corresponding series of salts. 
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Mercurous Salts. 

With the exception of the nitrate (Hg2(N03)2), 
the mercurous salts are insoluble or difficultly so 
in water. 

The oxygen salts are volatile on ignition, under- 
going decomposition at the same time. The chlo- 
ride and bromide volatilize unaltered. 

Hg^^^h' — Hydrochloric acid or soluble chlorides 
give with mercurous salts a white precipitate of 
HgaClg (calomel). 

This precipitate is insoluble in cold hydrochloric 
acid, but on boiling is slowly changed to mercuric 
chloi'ide (HgClg) and metallic mercury (Hg). 

Chlorine or nitric acid quickly change it to 
mercuric salt, soluble in water. KOH or NaOH 
convert it into mercurous oxide (Hg.,0), black. 
NH4OH also turns it black, but the product is a 
mixture of a mercuric ammonium compound and 
metallic mercury, insoluble in excess of ammonia 
(distinction from silver) : 

Hg,(N03).+ 2HC1 = Hg,Cl,+2HN0, ; 

*• _ ■» 

Hg,Cls+ 2NH4O H 

white 

= NHsHgCl + Hg +NH,C1 + 2H,0. 

> , ' 

black 
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EBr or soluble bromides precipitate nierearous 
solutions, giving a precipitate of mercurous bro- 
naide (HgaBrg), yellowish white; insoluble in di- 
lute HNO3. 

Sohthle iodides give a greenish-yellow precip- 
itate of Hg2l2, which is slowly decomposed by 
ex: cess of the reagent to Hgig ,2KI + Hg. 

Sulphides. — HgS or soluble sulphides precipi- 
tate from mercurous solutions a mixture of 
fIgS + Hg (black). The metallic mercuiy may 
t>^ dissolved out by boiling with dilute IlNOg ; 
ttie HgS remains insoluble. 

Oxide. — KOH or NaOH gives black precipi- 
tates of mercurous oxide (Hg;,0) when added to 
mercurous solutions. The precipitate is in- 
soluble in excess of the alkali. 

NH4OH also gives a black precipitate of mer- 
curic ammonium salt and metallic mercury, in- 
soluble in excess of ammonia. 

Reducing agents, as SnClg, FeS04, ^tc, quickly 
reduce mercurous solutions, giving a precipitate 
of metallic mercury (gray or black). 
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SECOND DIVISION — NOl PRECIPITATED BY 
HYDROCHLORIC ACID. 

Mercuric Salts. 

With the exception of the chloride, most of 
the niercuric salts require for their solution in 
water the presence of some free acid; otherwise 
they decompose, giving a precipitate of basic salt. 

Like the mercurous salts they are all volatile 
on ifi^nition. 

HgS. — If H^S or ammonium sulphide be 
added gradually to mercuric solutions, a white 
precipitate is first formed, which changes, on fur- 
ther addition of the reagent, to yellow, then 
brown, and finally, when the reagent is in excess, 
.to a black precipitate. 

The lighter-colored precipitates consist of com- 
binations of the mercuric salt with HgS, in vary- 
ing proportions {a). The final, black, precipitate 
is mercuric sulphide (^). 

(a) 3HgCl, + 2H,S = HgCl^ ,2HgS + 2HC1 ; 

« , » 

(h) HgCl^ + H^S =HgS + 2HCl. 

The precipitate is insoluble in nitric acid, even 
on boiling (a distinction from all other sulphides 
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of the group). On long boiling with strong 
nitric acid it is changed in# color from black to 
^hite, the change being due to the nitric acid dis- 
placing some of the sulphur of the sulphide, and 
forming a compound similar in composition to 
the one given by H^S when not added in excess 
(a) (Hg(N03)o,2HgS). This, like HgS, is in- 
soluble in nitric acid, but is soluble in chlorine. 

HgS is readily soluble in aqua regia (i.e., chlo- 
rine). It is slightly soluble in boiling dihite 
hydrochloric, much more so in the concentrated 
acid. Sodium or potassium sulphides, particu- 
larly in presence of free alkali, dissolve it, with 
the formation of double salts. 

Oxi/le. — KOH or NaOH added to neutral or 

slightly acid solutions of mercuric salts give at 

first a reddish-brown precipitate of basic salt, 

which changes on further addition of the alkali 

to yellow mercuric oxide {a). The precipitate 

is insoluble in excess. 
In presence of ammonia salts the precipitate is 

white (h) 

{a) HgClg + 2K0H = HgO + 2KC1 + H^O ; 

» — , — ' 

yellow 

{b) HgCl, .NH^Cl <r 2K0H 

= (NH,Hg)Cl + 2KC1 + 2Hs,0. 
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Amnionia produces similar precipitates to the 
one giveu iu (i) unless the solution contains 
much fi'ee acid, in which case no precipitate is 
formed : 

IlgCl, + i>NH,OH = NHoHgCl + NH,C1+ 2HA 

< , » 

lieihiction to Jfetal. — Stannous chloride when 
added to mercuric solutions gives at first a white 
precipitate of mercurous chloride, which on 
furtlier addition of the reagent changes to metal- 
lic mercury, gray or black : 

2HgCl, + SuClo = Hg^Clg + SnCl^ ; 

* — . — ' 

white 

lIg,C\, + SnClj = 2Hg + SnCl^ . 

black ' 

Other reducing agents, such as FeS04, SOg, 
NaoS;,03, etc., also reduce either mercurous or 
mercuric solutions to the metallic state. 

If a piece of bright, clean copper be placed in 
a neutral or slightly acid solution containing either 
mercurous or mercuric salt, the copper will soon 
be covered with a gray coating of mercury. If this 
deposit be gently rubbed with a piece of filter- 
paper or cloth, it becomes bright and lustrous like 
polished silver. On gently warming, the coating 
volatilizes and the color of the copper reappeara 
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If any dry salt of mercury, either mercurous or 
mercuric, be mixed with dry sodium carbonate 
and heated in a glass tube closed at one end, 
metallic mercury will be volatilized and condense 
in the cold upper portions of the tube as a metal- 
lic miiTor. 

BISMUTH (Bi). At. wt. 210; sp. gr, 9.9. 

Bismuth is a hard, brittle metal, of a white 
color with a reddish lustre. Fuses at 264° C. It 
is very slightly oxidized by the air at ordinary 
temperatures, but very rapidly at a red heat. 

It is almost insoluble in hydrochloric acid ; 
toiling sulphuric converts it into sulphate, but its 
lest solvent is nitric acid : 

2Bi + 8HN03= 2Bi(N03)3 + 2N0 + 411,0. 

There are several different oxides of bismuth, 
l}ut the only one forming stable salts is the oxide 

l^iA. 

Precipitation hy Water, — Bismuth salts require 

for their solution in water the presence of some 
free acid, otherwise they decompose into basic 
salts w^hich precipitate. This action is very char- 
acteristic and important, and is made much use 
of in analysis. 
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If to a solution of bismuth chloride an excess of 
water be added, the greater part of the bismuth is 
precipitated as an oxy chloride {a). With solution 
of the nitrate, the precipitate is variable, depend- 
ing on the quantity of water added (Z>and <?). 

In this reaction a portion of the bismuth is 
always held in solution by the nitric acid liberated. 
With bismuth chloride the precipitation is com- 
plete if excess of free acid has been removed by 
evaporation or neutralization before making the 
test. In solutions of the nitrate the delicacy of the 
reaction is greatly increased if to the solution, 
which should be only slightly acid and concen- 
trated, a solution of a chloride, as sodium chloride, 
be added. The precipitate obtained is the oxy- 
chloride and not the basic nitrate (d). 

(a) BiCls + H^O = BiOCl + 2HC1 ; 

(b) Bi(N03)3 + 2H2O = Bi(OH)2N08 + 2HN0,; 

(c) 2Bi(OH)aNOs 

=--(BiO),(OH)N03 + HNO3 + HgO ; 

(d) Bi(N08)3 + NaCl + H,0 

= BiOCl + NaNOs + SHNO,. 

The above precipitations are prevented by cer- 
tain organic acids, as acetic, citric, etc. 
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The pn^cipitates ai^e easily soluble in IICl and 
IINOj , but not in tartaric, the latter being a dis- 
tinction from antimony. 

Jiismuth Sulphhh (liL'Sl^). — II^S or soluble 
milphides precipitate black l)iHniuth sulphide from 
solutions of bismuth salts. The precipitate is in- 
Roluble in cold dilute acids and alkaline sulphides, 
Soluble in hot dilute nitric acid. 

2Bi(N()3)8+ «II,S = BiA + ellNO^; 
Bi,8« +8IIN(.)8= 2Bi(N08)a+ 2NO + 411,0 + 38. 

Jimnnth Jlt/dmxide ( ///( OIl)^, — Potassium, 
Bodium, and ammonium hydrates ^ive with solu- 
tions of bismuth salts a white ])r(H»ipitate of bis- 

niuth hydroxide, iuHoluble in excess of the reagents. 

T lie precipitation by ammonia is a distinction .from 

copper and cadmium: 

Bi(N08)8 + 3KOII = Bi(OII)3 + 3KN03 

Tartanc acid, citric aind, and certain organic 
ft^ihstances prevent the precijntation, 

liisjnuth Dioxide (/?//>;,). — If a solution of 
potassium stannite (made by adding KOII to 
stannous chloride until the precipitate which first 
forms has all dissolved) containing an excess of 
f alkali be added to a solution of bismutli aalt^^i 
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black pi'ecipitate of bismuth dioxide is formed. 
The reaction is delicate and, in absence of naer- 
cuiy salts, characteristic : 

2Bi(N03)3 + K^SnO^ + 6K0H 

= Bi A + KgSiiOa + eKNOs. 

i — • — » 

Bismuth Carhonate {{BiO^^CO^. — The lilka- 
line carbonates precipitate bismuth salts, giving 
a basic carbonate. 

Bismittli Ohromate. — Soluble chromates precip 
itate bismuth solutions, giving yellow precipitates 
varying in composition according to conditions. 
With potassium dichromate it is (BiO)2Cr807 : 

2Bi(N03)3 + 3K,Cr A + ^^,0 

= (BiO),Cr A + 6KNO3 + 4HAO4. 

Bismuth chromate is easily soluble in nitric 
acid, and insoluble in sodium or potassium hy- 
drates (distinction from lead). 

Beduction to Metal. — Bismuth is obtained from 
its solutions in the metallic state by addition of 
iron, zinc, etc., in the same way as for lead. 

With sodium carbonate on charcoal, before the 
blowpipe the reaction is very similar to lead 
except mat the bead is brittle. 
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COPPER (Cu). At wt 63.6; sp. gr. 8.9. 

Copper has a characteristic red color, is veiy 
malleable and ductile, and is one of the best con- 
ductors of heat and electricity. Fuses at about 
1100° C. It is contained in many important 
alloys, as bronze (Cu and Sn), brass (Cu and Zn), 
German silver (Cu Zn Ni), etc. 

Copper dissolves easily in nitric acid (a), and 

is also soluble in hot concentrated sulphuric acid 

(6). Hydrochloric acid has very little action on 
it. 

(a) 3Cu+8HN03 = 3Cu(N03)2+2NO+4HaO; 

(6) Cu + 2H2SO4 = CUSO4 + SO, + 2H2O. • 

Copper forms two oxides, the cuprous (CuoO) 
and cupric (CuO), and two corresponding series 
of salts. The cuprous salts are seldom met with, 
are unstable, and easily changed to cupric salt and 
metallic copper. They ai*e nearly all insoluble in 
Water. 

Cupric Salts. — The ordinary copper salts all 
belong to this class. In the foiin of crystals or 
in solution they are of a green or blue color. 
The anhydrous salts are white. 

Capper Sulphide. — HgS and soluble sulphides 
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precipitate ciipric salts, giving a black precipitate 
of sulphide (2CuS,Cu2S). This precipitate is 
easily soluble in hot dilute nitiic acid, slightly 
soluble in ammonium sulphide, soluble in potas- 
sium cyanide (distinction from cadmium and all 
the other sulphides of the group), insoluble in 
boiling dilute sulphuric acid (another distinction 
from cadmium). 

3(2CuS,Cu2S) + 32HNO3 

= 12Cu(N03)2 + 8N0 + 9S + 16H,0 ; 

Sodium thiosulphate (Na^S^Og) in hot solutions 
of copper salts gives a black precipitate of cu- 
prous sulphide. In solutions strongly acid with 
HCl this is a separation from cadmium. 

Cupric Hydroxide (^Cu(^OH^.^. — Sodium or 
potassium hydrates precipitate from cupric solu- 
tions the blue hydroxide, insoluble in excess, 
soluble in ammonia and in acids. 

On heating the precipitate, while still sus- 
pended in the liquid, it becomes black, changing 
to 3CuO,H20. 

In presence of suflScient tartaric, citric, or ai*- 
senious acids, grape-sugar, etc., the alkalies fail to 
give a precipitate, a blue solution being obtained. 

If to the alkaline tartrate solution some grape- 
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sugar be added and the solution boiled, a red or 
yellow precipitate of cuprous oxide is formed. 
This reaction is freijuently used to determine the 
presence of gi'aj^e-sugar in solutions. 

Armnonium Jiydrate and carbonate when added 
to copper solutions gives at first a blue precipi- 
tate of a basic salt, which readily dissolves on 
further addition of ammonia to a deep-blue licpiid. 
From copper sulphate the blue solution contains 
CuS04,4NH8+HP; with the chloride the solu- 
tion contains CaCl2,4NH3 + HjjO. 

Potassium cyanide decolorizes the blue solution, 
owing to the formation of double cyanide. 

Capric Carbonate. — The fixed alkaline car- 
bonates precipitate from cupric solutions a green- 
ish-blue basic carbonate of variable composition. 

Oap7*ou8 Cyanide. — Potassium cyanide when 
added to cupric salts gives a precipitate of 
cuprous cyanide, or cuproso-cupric cyanide, easily 
soluble in excess. 

Capric Fei^rocyanide (Ca^FeCf/Q). — Potassium 
ferrocyanide, when added to a solution of cupric 
salt gives a very characteristic reddish-brown 
precipitate of cupric feiTocyanide : 

2CUSO4 + K4FeCye = Cu,FeCye + 2K,S04. 
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The precipitate is not affected by dilute acid^ 
but it is decomposed by alkalies : 

Cu,FeCy6 + 4K0H = Cu(0H)3 + K^FeCyg. 

Redifction to Metal. — Copper is easily precipi- 
tated iu the metallic state, from its solutions, \>y 
iron, zific, etc. A delicate and convenient w*y 
to make the test is to put a few drops of a dilute 
solution of copper in a platinum capsule, acidity 
with a drop of acid, and then add a small pie^^ 
of zinc. The copper will usually be found adhe^^' 
ing to the platinum, and can be recognized by i^ 
characteristic color. 

Flume Ted. — Copper salts, as well as the meta "^ 
and its alloys, if held on a platinum wire in th^ 
flame of a Bunsen burner or blowpipe, color the 
flame green. Moistening the test with a drop 
of concentrated hydrochloric acid adds much to 
its delicacy. With the borax bead in the oxidiz- 
ing flame copper compounds give a blue color 

CADMIUM (Cd). At. wt. II2 ; sp. gr. 8.8. 

Cadmium is a tin- white malleable metal, fusing 
at 315° C. It dissolves slowly in hot dilute 
hydrochloric or sulphuric acids with evolution 
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of hydrogen. It is more easily soluble in nitric 
id, which is its best solvent : 



Cd + 2HC1 = CdCl, + 2H ; 

Cd + H^04 = CdS04 + 2H; 

SCd + 8HNO3 = 3Cd(N03), + 2N0 + 411 A 

Cadmium resembles zinc in its chemical prop- 
ex- ties. It forms only one oxide, CdO, and a corre- 
s j>onding series of salts. 

Cadmium Sulphide (^CdS). — HgS or soluble 
sulphides give with cadmium salts a yellow pre- 
cip)itate of sulphide, insoluble in cold dilute acids, 
allcaline sulphides, or potassium cyanide. Sol- 
uble in hot dilute nitric acid, also in boilinor 
dilute sulphuric (the latter being a distinction 
fix>m copper). 

iJadmium Hydroxide ( (7J( OH \^. — Potassium 
arid sodium hydrates precipitate cadmium solu- 
tions, giving a white hydrate, insoluble in excess 
of the alkali, soluble in acids. 

"With ammonium hydrate the same precipitate 
IS formed, in absence of ammonium salts, which is 
very easily soluble in excess of ammonia. 

Cadmium Carbonate {CdCO^. — Potassium, so- 
dium, and ammonium carbonates precipitate cad- 



136 CADMIUM. 

mium carbonate, white, insoluble in excess of the 
precipitant. Soluble in potassium cyanide. Free 
ammonia prevents the precipitation. 

Cadmium Cyanide {GdCy^. — Potassium cya- 
nide gives with cadmium salts a white precipitate 
of cadmium cyanide, easily soluble in excess of 
reagent, foiming double cyanide. From this solu- 
tion the cadmium is precipitated by HgS as sul- 
phide : 

CdCNOa)^ + 2KCy = CdCy^ + 2KNO3 ; 

' — . — ' 

CdCy,+ 2KCy = CdCy„2KCy ; 

' . ' 

CdCy^ ,2KCy + 2H,S = CdS + 4HC^ + K^. 

Blowpipe Test — Cadmium compounds fu8e<i 
on charcoal with dry soilium carbonate are f^' 
duced to metal, which volatilizes and forms - ^ 
characteristic brown coat on the coal. 

RECAPITULATION. 

On reviewing the reactions of the metals of 1 1*^ 
fifth group we at once see that they differ fro^^ 
all of the metals of the preceding groups in tl^^ 
fact that they are precipitated from solutions a<3i^ 
with the strong acids, by H^S, and it will b^ 
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found later on that they differ from the sixth 
group in the insolubility of their sulphides in 
alkaline sulphides, the sixth-group sulphides be- 
ing soluble. 

A further distinction in regard to three of the 
metuls (Ag, Pb, Hg (ous)) is found in the insolu- 
bility of their chlorides in dilute hydrochloric 
acid. This reaction enables us to separate these 
metals, not only from those of all the other 
gi"oups, but also from the remaining metals of the 
fifth. 

Iiet us suppose, for example, that we have a 
solution containing metals of all six groups ; hy- 
drochloric acid is added to it in slight excess, and 
the mixture filtered. The precipitate will con- 
tain silver, lead, and mercurous chlorides, and in 
t^ie filtrate will be all of the other metals. This 
filtrate is now acid with hydrochloric acid, owing 
to the fact that more than sufficient to precipitate 
the chlorides was used in the first precipitation. 
If now we add ILS in excess to the solution, the 
remainder of the fifth group and all of the sixth 
will precipitate. On filtering, these metals will 
be separated from those of the first four groups, 
which will be found in the filtrate. 
If now vf e make use of the fact that tli^ ^l\\i- 
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group sulpbidtis are insoluble in amnionium sul^ 
phide, and those of the sixth eoluble, we 
easily separate one from the other. Doing thia^fl 
we have a residue containing the second diviaioBj 
of the fifth group (Pb (?), Hg (ic), Bi, C.i, Cd)I 
and ill the filtrate the sixth group as sulphur I 
salts. I 

Going back now to our precipitate of theJ 
chlorides (AgCl.PbClajHgyCla) we see, on study-! 
iug their properties, several jmints in which they 
differ from each other. Lead chloride, for ex^ 
ample, is soluble iu boiling water, the others 
insoluble: if, then, we treat a precipitate of th 
three with hot water, the lead chloride will all \ 
dissolved, and on filtering will be found in thd 
filtrate, where its presence may be proved by add*] 
ing sulphuric acid, which, as we already knowjl 
precipitates lead and no other metal of the group 

In the residue left after I'emoval of the lei 
chloride we have only silver and mercuroul 
chlorides, which, you will remember, difi'er froai 
each other iu their action with ammonia, the sil" 
ver chloride being soluble, and the other not onlf( 
insoluble, but it changes in color from white 1 
black, which change is characteristic for ma 
curous salt. 
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From the lunmoniaciil Holutioii, you know, the 
Hilver cliloride can be repivoipitiiUid by acidifying 
with nitric, add. By tliin HorioH of rea<5tionH w« 
Iiiivc Hnparatcd tlioHo tlin^; nu^talH from all of tlio 
Ki'oujm and from emdi otln^r. Lot uh return to 
ourroHidiie of Hul[)liid(m (PbS (?), llgS, HiaS„, 
Cu^S;,, and (!dH), an<l hcm^ in what way it am ha 
H<^|>anit(M|. II()t <lilut<) nitric acid will <liHHolvo 
ftll of tlnmc, with tho <^\<M'[)tion of th<j mc^rcuric 
Hiilphide (II;^S); ho if wa boil tluj n^Hi<hi<^ with 
<iilntc niiri(* acid, the lead, l)iHmuUi, copper, and 
<'a<Imium Hulphidc^H go into Holution an nit.rai<^H, 
*^n<l th« IlgH rennu'iiH inHoIul)le, which aftc^r 
^nt<»ring can b<^ diHHolved in a littler aijua regia 
('.<"., (M), and on th<i Holution of m<M*<'.uric chlo- 
i*ub» obtained any of the chanicteriHtic^ tcHtH for 
lueivury may be nnuh^ -jin^ferably the j>n'(^i[)it;i- 
^ion with HtannouH chloride (Sii(!l«). 

In the filtrate containing the nitration it \h al- 
WayH nec^eHwary to look for lead, Hinc<^, owing to 
it^ being Homewhat Hohible in water, a j)ortion 
JH alwayn likcOy to be found nt thin point. 
Making uhc of the action of Hnljdinric acid on 
l<Mul HaltH, we <'an nwlily r<Mnov<' any lea<l that 
nmy be present. 
Filtering, only biHtnuth, copper, and cadmium 
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are left. The action of ammonia on these salts 
enables us at once to separate the bismuth as 
hydroxide, the copper and cadmium going into 
solution as ammonia compounds — copper, if 
present, giving the solution its characteristic blue 
colon As the formation of a white precipitate 
on the addition of ammonia is not conclusive 
proof of the presence of bismuth, it is always 
necessary to dissolve the precipitate in a little 
dilute hydrochloric acid and make the very char- 
acteristic water test. 

The copper and cadmium may be determined 
in the ammoniacal solution by the reactions with 
cyanides. 

If further test for copper besides the blue color 
of the solution is desired, it is made by acidifying 
a portion of the solution with acetic acid, and 
then adding potassium ferrocyanide, copper, if 
present, giving its well-known red ferrocyanide. 

You perhaps remember that copper sulphide is 
Holuble in potassium cyanide, and that cadmium 
Hulphide is insoluble, if, then, we add sufficient 
of the oyanide to change the copper and cadmium 
to double cyanides, and pass HgS into this solu- 
tion, the cadmium is pi^ecipitated as yellow sul- 
phide* 
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l¥e might make use of some of the other reac- 
tions of these metals, as the action of hot dilute 
sulphuric acid on the sulphides, to eflfect their 
separation, but the one with the cyanide is reli- 
able and easy to perform. 

In Scheme No. V the plan adopted is that just 
outlined. 



METALS OF THE SIXTH GROUP. 



TIX, AKSKXIC, ANTIMONY, GOLD, AND PLATTNTM. 



Tiiksp: metals, like those of Group V, ai'e pre- 
cipitHt(Ml by n^S from acid solutions, but diflFev 
from the latter in the solubility of the sulphide^ 
in alkaline sulphides, with formation of soluble? 
thio-saltH. 

The metals of this group may be convenient]}' 
divided into two divisions: ai'senic, antimony, 
and tin comprising the first, and gold and plat- 
inum the second. Those of the first division 
form oxides, stable at a high temperature, while 
those of the second are characterized by the easy 
reduction to metal of all their compounds. The 
sulphides of gold and platinum are insoluble in 
either boiling hydrochloric or nitric acids, which 
is a distinction from the sulphides of ai'senic, 
antimony, and tin. 

Thio-salta, — These salts of the sixth group are 
of so much importance that it will be best to try 

142 
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and get a clear conception of their character 
before proceeding any further. 

Tin, antimony, and arsenic form two series of 
oxides ; viz., stannous (SnO), stannic (SnOg), 
antimonious (Sb40(,), antimonic (SbjjOfi), arsenious 
(As^Oo), and arsenic (AsjjOb). These oxides act 
as the anhydndes of con*esponding acids, e.g^ 
amenious acid, lIjAsOj (As40e + 6II2O = 
4lI:,As03), arsenic acid, II8A8O4 ( AsjjOb + Sllj^O 
= ^W^h^O^. Stannous oxide generally acts as a 
base, but in a few compounds it plays the part of 
a weak acid con'esponding to HjjSnOg. Stannic 
oxide is more distinctly acid in its properties, and 
much more stable, and forms the acid HjjSnOa. 
The two oxides of antimony act in much the 
same way as tin, only the acid characteristics are 
more decided. 

There is a corresponding seizes of sulphides, 
viz., SnS, SnS^, SbjjSg, SbaSg, AsjjSa, AsjjSg. 

These sulpliides, i)articularly the higher ones, 
correspond in many ways with the anhydrides of 
the acids just spoken of, combining with other 
sulphides to form salts, in the same way that the 
oxides do ; e.g.^ 

SKjjO + AsA = SKsAsO^. 
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Now suppose the oxygen in this equation to be 
replaced by sulphur, and we get the equation 

SKjjS-f A8sjS5= 2K3ASS4 (potassium thio-areenate). 

Antimony sulphide forms a similar compound, 
(NH4)3SbS4, corresponding to ortho-antimonic 
acid (HsSbO,). 

Stannic oxide combines with oxides of the 
metals to form stannates, such as 

K2O + SnOg = K^SnOg. 

If we treat this equation as we did the previous 
one and replace all the oxygen with sulphur, we 
have 

KjjS + SnSg = KgSnSg (potassium thio-stannate). 

It is evident from this comparison that the 
thio-salts correspond to the oxygen compounds, 
sulphur replacing oxygen atom for atom. Many 
of the thio-salts are much more complex than the 
examples given, and coiTespond to the meta- and 
pyro-salts of the oxygen acids, e.g., Na4As2S7 
(sodium pyro-thio-arsenate), corresponding to 
NaiAsgOy. 
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TIN (Sn). At. wt xxp; sp. gr 7.3. 

Tin in a white, luntroUH^ nnd nmllenblo Tiietal, 
f'lHiiig at 2J15*' C. VwHCid in tlio air, it in raindly 
flmn>^<!<l to oxi<l(^, forininj? a whit(? powder uh<m1 
f^>i* poIiMliinj^, undor the naine of j)utty powder. 

l^tH bent Holvent iH hot Htroti}^ hydroehlorie m;id, 

• 

'^J which it diHHolveH to HtannoiiH ehh)ride (HnCyl^) 

(^0* A(|tia regia or cldorine (HhhoIv^^h it r(»adily, 

^'>i-niing Htannic ehh)ride (HnOl^) (/>). With 

^''tiic acid the action vari(^H according; to the 

'^''^•^.iigth of acid. Htrong acid yicddn niet/wtannic 

'*^''d (II,„Hnft(),fl), inHoltihhj in acidn and in water 

^^'y ; dihite mnd givc^H either HtannoiiH nitrate 

('^ti(N08)a), Htannic nitrate (Hn(N()g)4), or a 

^'^'>ct!n*e of the two, dc^pending on temperature 

"^•<I Htrength of the acid. 

In diltite Htilphuric acid it in very nlowly 
**'*liihh», btit diHHolveH in concentrated acid to 
^^Himic Htilphate. 

W) 8n+2lICl:=8nCl«-| if«; 
{h) Sn + 2Clg = 8nCl4 ; 

(0) 16Sn+20HNOa+5H«0=8H,o8n50t5+ 20NO^ 



r 
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Tin is a constituent of many important 
as bronze, solder, etc. ; and it is also liiigely used, 
in the manufacture of tin-plates, which are iron 
plates coated with tin. 

Tin forms two oxides, stannous (SnO) and 
stannic (SuOj), and con'esponding salts. 

Stamiom ^S'a?^. — Stannous salts oxidize very 
easily to stannic, and consequently are strong 
reducing agents. On exposure to air, stannous 
chloride, for example, oxidizes to stannic oxy- 
chloride (Sn:jOCIa). Chlorine or strong nitric 
acid easily effects its oxidation. 

Many other substances, as ferric salts, mercury 
salts, etc., act in the same way : 

SnCl, + Fe,Clfl = 2FeCl, + SnCl, 

Reactions with mercury and bismuth salts 
have already been given. 

S^annou.^ Hydroxide {Sn{^OH^^.~'Y]x^ alka- 
line hydrates and carbonates give with solu- 
tions of stannous salts a white precipitate of 
stannous hydrate. 

The precipitate is soluble in excess of sodium 
3tassium hydrate and in acids. 
qCIj -i- 2K0H = Sn(OH)a + 2KCI ; 
^0(OH), + 2K0H = K,SnO, + gH^O. 
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Stannous Sul/phide (/Sz/aS").— Stannous salts 
yi«ldwith HjS a brown precipitate of stannous 
8i:i]pbide (a), insoluble in dilute acids and in 
colorless ammonium sulphide and in ammonium 
c^i-i'bonate. 

It is soluble in potassium or sodium liydi*ates 
aii<l, as already explained, in alkaline polysul- 
pliides, with formation of a thio-stannate of the 
al kali (/>). 

!From its solution in alkali or alkaline sulphide 
it is reprecipitated by acids (c). 

Stannous sulphide is soluble in hot strong 
liydrochloric acid, with evolution of Il^^S (jl). 

Concentrated nitric acid converts it into meta- 
stannic acid : 

{(t) SnCU + H^S = SnS + 2HC1 ; 

(2^) SnS + {mi,)S, = (NllO-SnSa ; 

(c) (NH4%SnS8+ 2HC1 = SnS,+ US + 2NII4CI ; 

{(l) SnS + 2IIC1 = SnCU + ffis. 

Ueducing Action. — ^The reducing action of 
stannous salts gives us several valuable cpialita- 
tive reactions for tin, when it is jn-esent in the 
stannous condition. It must be remembered, 
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however, that, sluce these reactions depend on 
the stannous salt reducing the I'eagent added, the 
result ia not conclusive, unless we know that no 
other reducing agent is present. 

The reactions between stannous and mercury 
salts have already been given under the head of 
Mercuiy. Of coui-se, when used as a test for tin 
we simply reverse the method of procedure, and 
add a solution of a mercury salt (preferably mer- 
curic chloride) to the solution we wish to test, 
renieojbering that if the mercuiy salt is added in 
excess we get only a reduction to mercurous chlo- 
ride, a white precipitate : J 

SnCla + 2HgCla = HgjCla + SnCl,. " 

Another very delicate test ia made by adding 
to a dilute solution of feme chlonde and pol 
sium ferricyanide a solution containing stannoOB-^ 
salt. A blue precipitate of ferrous ferricyanide 
is at once formed, owing to the stannous salt 
ledueing the ferric salt, which is then precipitated 
by the ferricyanide : 

(a) 3Fe,Cle+3SnC], = 6FeCls+3SnCl4 

(b) 6FeCla + SSnCl, + 2Ka(FeCya% 

= 2Feg(FeCya), + 12KC1 + 8Sn( 



saiii 
ated . 
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The reaction with bismuth salts might also be 
made use of as a test for tin (see Bismuth). 

The reduction of tin to the metallic state will 
be spoken of under the head of Stannic Salts. 



STANNIC SALTS. 



Stannic oxide forms two hydrates, stannic 
acid (HjjSnOa) and metastannic acid (HioSnaOi^) ; 
these hydrates unite with both bases and acids 
to form salts. Stannic acid is soluble in acid, 
forming salts, such as stannic chloride (SnCl4), 
and in sodium or potassium hydrates, yielding > 
stannates, as Na^jSnOg. 

Metastannic acid is insoluble in acids, and is 

^^iflBcultly soluble in sodium or potassium hy- 

; ^^ lutes. If it is boiled with strong hydrochloric 

^cid, no apparent action takes j)lace ; but if the 

^id be poured off, and water added to the I'esi- 

^Ue, it goes into solution as metastannic chloride. 

In order to prepare stannic chloride free from 

tte nietastannate, metallic tin should be dissolved 

^n strong hydrochloric acid, and some potassium 

chlorate then added, and the solution boiled 

. again, so as to oxidize the stannous chloride first 

k formed to stannic chloride. Solutions of stannic 

1 Bait change on standing to metastannate^ the 
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action being rapid in hot solutions, an<l slow i 
cold. 

Solutions of the alkalies and alkaline carbonate 
precipitate both stannic and metastaunic salts a 
stannic or metastannic acid. The former is solubl 
in the fixed alkalies, if the latter aie not addfi 
in too great exceBs. It is also soluble in acid. 

SuCl^ + 4K0H = H.SnOa + 4KC1 + H,0 ; 
H^SnOa + 2K0H = K^nO^ + 2HA 

Stannic Sulphide {SuS-i). — H,S precipitate 
stannic or nietastannic solutions if they are ; 
too acid, giving a precipitate of stannic sulpbid 
(a), which is white at first but finally changes 1 
yellow. To insure complete precipitation, 
acid present must be very dilute. Heating gent] 
Iielps the reaction. 

The precipitate is soluble iu alkaline sulphide 
(/'), in sodium and potassium hydrates, and i 
boiling hydrochloric acid {d ), or aqua j-egia. Fixil 
its solution in alkali or alkaline sulphide ii is r 
precipitated on the addition of acid (c). It is 
soluble in ammonia and ammonium cai'bonj 
(distinction from arsenic). Nitric acid changes i 
to metaatannic acid. 
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(a) HnOl* + 211,8 -^ HiiS, | 4 IK 11 ; 

(/>)HnS, •|(Nn,),H -(NII,),SnH,; 

('•)(Nir<),HnH,-f-2n(n SiiS, I 'JNII/H i i'Ch; 



^- . ' 



(</)SnH«+4lICl 



-SnOl^ f 2II,H. 



Prficipitathm of SUwmc Saltn as MttaHtaiivio 
Avid — Tlu) r()nv<»rHion of aHtiuiiii<^ Hiili itilo iiH^iii- 
*^tHntii(! acid ufTonlH uh oih* of tho Ih'hI/ tnrlliodH of 
^l«^tm*tniniiig Htaniii<*. hhIIh, piirticMilarly in pn*H(*ti(M) 
*>' HtannotiH. Tho (•Jianj^<< in iwiMily rfTnctnd in tim 
'<>llowing iimnnor: 

To a Holtition contaitiinj^ Htanni<* Halt, which 

'*iUHt 1m< only vory faintly aci<l, \h aihlrd a Htronjf 

'Solution of Hoditnn Htilphato or aninioniuni nitrato, 

'^tul h(*at a})])li()<i ; nH*taNtanni<* acid ((iiickly prccip- 

^^witoH aH a vvhiU^ pn»cipitatc. 

MctaHtannic Holutiotm arc prccipitatiMl l>y the 
•*'i,nicj njagcm t/H : 

«^>Hn()l4H-2()NagH(VI- ir)II,() - IIu»Sn,(VJ UONaOl 
-t-'iONallHO^. 

f)HnCl4-f 2()NIl4N(), t If)!!/):--: II.oHnjO,, 
+ 20NII4CI ( iJOlINO,. 
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Tin is easily obtained in the metallic state fr< 
all its solutions by the addition of zinc. The 
precijiitates as a gfay, spongy mass. 
SnCI,. + Zii = Sn + ZnCl^ 

Tinstone (SnO^), or metastannic acid, can be 
duced in tlie same way. The test is best made 
presence of platinum. Place the tin ore, whicl 
should be very finely pidverized, in a test-tube, add 
a piece of platinum-foil and a few small pieces of 
zinc, then cover with atroug hydrochloric acid, as 
boil. The tin will be obtained as a sjwngy maa 

Tin when precipitated in contact with platinui 
does not stain the platinum black (a distinctio 
from antimony). 

If a compound of tin be mixed with sodioi 
carbonate or ^wtassinm cyanide, and heated fl 
ehai'coal in the reducing-tiame, before the blot 
pipe, the tin is obtained in lusti'ous, maUeal^ 
globules. Near the test ^vill be found a whii 
coating of stannic oxide. If this be moisten^ 
with a drop of nitrate of cobalt and again ignite 
it gives a green color. 

ANTIMONY (Sb). At. wt. 120.4; sp. gr. 67. 

Antimony is a lustrous, bluish white, brittl 
metal, fusing at 425° €. It is only very slightly" 
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acted on by air at the ordinary temperature ; but 
if heated to redness it takes fire, giving off white 
fumes of antimonious oxide. 

It is only very slightly soluble in hydrochloric 
or sulphuric acids. Nitric acid converts it either 
into antimonious oxide (8b40fl) (a), or antimonic 
anhydride (Sb^jOg) (b). Chlorine or aqua regia 
dissolves it, forming antimonious chloride (SbClg). 
If dissolved in aqua regia the nitric acid should 
he added only a little at a time, otherwise insolu- 
ble oxides will be formed. Boiling tartaric acid 
dissolves precipitated antimony slowly (c). 

(a) 4Sb + 4HN08 = Sb40e + 4N0 + 2}1,0 ; 
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C*) 6Sb + lOHNO, = 3SbA + lONO +5 H,0 ; 

* , ' 

(^) 2Sb+HAH40e+2H«0= (8bO) AH40e+3H2. 

Antimony forms two oxides — antimonious and 

^^timonic : the first acts as a weak base, the latter 

^^ an acid anhydride forming the acids H4Sb04 

(orthoantimonic), H4Sb.^07 (pyroantimonic), and 

HSbOs (metantimonic). 

The commonly occurring salts of antimony are 
those foimed from antimonious oxide. 
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Antimonious oxide is soluble in hydrochlorii 
sulphuric, and tartaric acids, but not in nitric. 

j^niimoniotis Hydroxide. — The alkalies and al- 
kaline eaibonates give in autimonioua eolutiont 
a white precipitate of antimonioua hydroxide 
(SbO(OH)), soluble iu excess of the fixed alkalies, 
and iu hot sodium or potassium carbonates ; als 
soluble in acids, with the exception of nitiic. Tap- 
taric acid or tartrates interfere with or prevent th^ 
reaction. 

Antmwny Sxdphide. — H^S added to sligbtl; 
acid solutions containing antimony, either a 
antimouious or antimouic compounds, give ai 
orange-red precipitate of antimonioua or antii 
moiiic sulphide ((/). The precipitate is easily 
soluble in the fixed alkalies and in alkaline poly- 
sulphides (b), from which solutions it is repre- 
cipitated on the addition of acids as antimonio 
sulphide (SbsSs) (c). 

It is soluble iu hot strong hydrochlonc acid, 
with evolution of H^S (^d). 

In ammonia and ammonium carbonate : 
nearly insoluble (a distinction from ai-senic). 

(a) 2SbCl5 + 3H,S =SI),S,+ t!HCl: 

(b) Sb,Ss+ 3(NH,),S, = 2(NH,),SbS,4-S; 
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(c) 2(NH,)s8b84 + 6HC1 

= Sb^Ss+eNH^Cl+SH^ ; 
(J) Sb,S3 + 6HCl =2SbCl3 + 3i5s. 

' . ' 

Preoi/pitation hy Wate?\ — The action of water 
on antimony solutions is very characteristic. If 
to a solution of antimonious chloride an excess 
of water be added, a white precipitate of oxychlo- 
ride will be obtained, which differs from the 
bismuth oxychloride in being soluble in tai'taric 
acid. Like the bismuth precipitate, it is soluble 
in hydrochloric acid. The precipitate is best ob- 
tained in a solution not strongly acid. 

Tartaric and citric acids prevent the precipita- 
tion: 

SbCl3+ H,0 = SbOCl + 2HC1. 

» — , — > 

Metallic Antimony. — In solutions free from 
nitric acid zinc precipitates metallic antimony in 
the form of a black powder. If the precipitation 
t>e made in a platinum capsule, the antimony pre- 
cipitates on the platinum as a black or brow^nish- 
t^lack adherent coating, very slightly soluble in 

Hydrochloric acid (a distinction from arsenic and 

tin). 



[ 
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The test is shown even by very dilute soli 
tioDs, and is vei-y t-harHcteriatic for antimony. 

Aniimony Hydride (SbH^. — When zinc ia 
added to acid solutions containing antimony, the 
hydrogen liberated unites with the antimony and 
forms the hydride, SbHg («) (also called auti- 
mouetted liydrogen, or stibine). If the test be 
made in a small flask fitted with a deliveiy-tube, 
tlie gas may be lighted. (Care should be taken 
to have all the air expelled before igniting the 
gas, othei'wise an explosion may result.) It 
bums with a bluish-violet flame, evolving heavy 
fumes of antimonious oxide (Ji). If a piece of 
cold porcelaiu be held in the flame, the hydride ia 
decomposed, and metallic antimony is deposited 
on the porcelain as a black spot. It is dull black 
and lustreless, and insoluble in sodium hypochlo- 
rite (NaClO) (a distinction from arsenic). 

Antimony hydride when passed into a solution 
of silver nitrate gives a black precipitate of silver 
antimonide (AggSb) ((i) (a distinction from ar- 
senic). J 

This precipitate is soluble in tartaric or hydiw 
chloric acids (c/), from which solution, after 
acidifying with hydrochloric acid, it may be pre- 
cipitated as the characteristic red sidphide. ■ 
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(a) SbCla + 3Zn + 3HC1 = SbH, + 3ZnCl, ; 

(b) 4SbH, + 608 = SbA+6H,0; 

(c) SbHs + SAgNO, = AggSb + 3HN0, ; 

{(1) 2Ag8Sb + HAH.Oe + 2H3O 

= (SbO) AH A + sS; + 6Ag. 

Blowpipe Test. — If any compound of antimony 
be mixed with dry sodium carbonate and potas- 
sium cyanide, and fused on charcoal before the 
blowpipe, in the reducing-flame, the antimony is 
^BcJuced to a metallic globule, which rapidly 
oxidizes, and forms a heavy deposit of oxide on 
tbe coal. 

ARSENIC (As). At. wt. 75; sp. gr. 5.7. 

-Arsenic stands on the border-line between the 
i^^tals and non-metals. In its elemental form it 
^^Q more of the characteristics of a metal, but in 
i^^nrly all of its compounds it acts as an acid. In 
appearance it is gray, with a metallic lustre, and 
19 very brittle. It volatilizes easily, without 
tuBion, when heated to a dull red. 

Heated in the air, it gives a characteristic garlic 
odor, and if heated to a high temperature with free 
access of aii', it burns to arsenious oxide (As^O^). 
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Arsenic is insoluble in hydrocliloric and dilute 
sulphuric acids. Hot concentrated sulphuric acid 
converts it into arsenious acid. On heating with 
nitric acid it forms either arsenious or arsenic 
oxides, depending on the strength of the acid. 
Its best solvent is aqua regia or chlorine, in vrhich 
it easily dissolves as arsenic acid (H8ASO4) : 

2 As + 5CI2 + 8H2O = 2H3ASO4 + lOHCl. 

Arsenious Oxide (^As^O^. — This oxide is either 
crystalline or amorphous, and when heated easily 
volatilizes. It is only slightly soluble in cold 
water, but dissolves more readily in hot. Hydro- 
chloric acid and the alkalies dissolve it without 
difficulty. If the hydrochloric acid solution be 
evaporated, arsenious chloride volatilizes. 

Arsenious acid is a veiy weak acid. Its only 
soluble salts are those of the alkalies. All of the 
insoluble arsenites are dissolved or decomposed 
by hydrochloric acid. 

Arsenious Sulphide (^As^S^. — H^S added to 
aqueous solutions of ai'senious acid or alkali ar- 
senites gives no precipitate, the arsenious sulphide 
produced assuming the colloidal form ; but if the 
solution be made acid with a strong acid, as 
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hydrochloric, the sulphide is at once thrown down 
as a yellow precipitate (a). 

Alkaline sulphides (5 and d)^ hydrates, and 
carbonates (/) dissolve it readily. Acids I'epi'e- 
cipitate it from these solutions (c, ^, g). Its solu- 
bility in ammonium carbonate is a distinction 
between it and antimony and tin sulphides. 

Its insolubility in hydrochloric acid, even on 
boiling, affords another way of separating it from 
the same metals. 

{a) 2H3ASO8+ 4HC1 + 3H2S 

= AS2S3 + 6H2O + 4HC1 ; 

(b) As,S8 + 3(NH0,S =2(NH4)3AsS3; 

(c) 2(NH4)3AsS8 + 6HCl 

= As,S3+6NH,C]+3HrS ; 

(c?) As,S3+3(NH4)A = 2(NH4)3AsS4 +S: 

> — ^ — > 

(«) 2(NH4),A8S4 + 6HC1 

= AsA+SNH^CI+ShS ; 

(/)2A8aS, + 2(NH,),C03 

^~^ = NH^AsOs + 3NH4ASS2 + 2COs ; 

(g) NH^AsO, + SNH^AsSj + 4HC1 

= 2A82S8 + 4NH4CI + 2H,0, 
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Silver Arsenite (Ag^AsO^. — ^If silver nitrate 
be added to a solution of an arsenite, it produces 
a yellow precipitate of silver arsenite. In aque- 
ous solutions of arsenious acid no precipitate is 
formed ; but if dilute ammonia be carefully 
added, the precipitate forms at once. 

The precipitate is very easily soluble in nitric 
acid and in ammonia, and is somewhat soluble in 
ammonium nitrate : 

KsAsOs + 3 AgNOa = AggAsOg + SKNOa. 

Owpric Arsenite (^CuHAsO^. — Cupnc sul- 
phate added to a solution of an arsenite produces 
a yellowish-green precipitate of ai'senite, easily 
soluble in acids and alkalies : 

KsAsOa + CUSO4 + H^O 

= CuHAsOa + K2SO4 + KOH. 

' , ' 

If the solution containing the arsenite be made 
strongly alkaline with potassium hydrate, and 
then only a few drops of a weak solution of 
cupric sulphate be added, and the solution boiled, 
a red precipitate of cuprous oxide is obtained : 

KaAsOa + 2CUSO4 + 4K0H 

= Cu^O + K3ASO, + 2K,S04 + 2H,0. 



to 
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This test is not conchieive for arsenic, since 
grape-sugar and other organic substauces ^ive the 
sadie precipitate. It is, however, valuable as a 
confii'matory test and as a means of distinguish- 
ing between ai-senious and arsenic acid. As th<i 
ivaction depends on the oxidation of the arsenite 
to arsenate, it is evident that the latter could not 

pe the reaction, 

ARSENIC OXIDE. 

Arsenic oxide is a white amorphous solid, fiis- 
iug at a red heat, and at higher temperatures it 
volatilizes as arsenious oxide and oxygen. It is 
slowly soluble in cold water, more easily in hot, 
going into solution as orthoai'senic acid (HgAsO,). 

Arsenic acid is very similar in many ways to 
ihospboric acid. Like the latter it forma pyro 
and meta acids, and tlie solubility of its salts is 
mncli the same. The only ai-senates soluble in 
water are those of the alkalies. Arsenic acid, like 
ai-senious, is a poison. 

Arsenic Sulphide. — H^S does not precipitate 
neutral or alkaline solutions of arsenates, and in 
acid solutions no precipitate is formed at first, 
biit after long standing one is slowly formed, 
consisting of a mixture of arsenic and arsen- 
ious sulphides and sulphur. If the soluUow \sft 



moderatelT acid, and heated to TO" C^ and a strong j 
current of H^ be passed into it, the precipitate \ 
will be principallT arsenic sulphide. 

When admissible arsenates can be very readily I 
precipitated as sulphide, by first reducing the j 
arsenate to arsenite bv adding giulphurous acid (a), 1 
or, what is equivalent, a sulphite to an acid solo- j 
tion (5), warmins, and then precipitating with I 

(«) K^O,+ SO, + HjO = KjAsO, + HjSO. ; 
(5) Na^O, + 2HC1 - SO, + SNaCl + H,0 ' 

It is seen from (a) that sulphuric acid is pn> 
dueed by the i-eduction of the arsenate, conse- 
quently in any solution containing metals forming ■ 
insoluble sulphates, this method could not be used I 
to advantage. The solubilities of arsenic sulphide , 
are analogous to those of ai-senious sulphide al- 
ready given. 

Silver Arsenate (Ag,AsO,). — Silver nitrate 
added to solutions of arsenic acid or arsenates | 
gives a reddish brown precipitate of arsenate. The 
precipitate is easily soluble in nitric acid and am- 
monia, and also somewhat soluble in ammoDiiini 
mtmte. 
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Magnesium Ammonium Arsenate. — If to a 
solation of arsenic acid or an ai-senate soluble in 
water a mixture of magnesium sulphate, am- 
raoniiim chloride, and excess of ammonia (known 
as magnesium mixture) ba added, a white ciys- 
talliue precipitate of maguesium ammonium ar- 
senate is obtained. It is easily soluble in acids. 
If a small portion of the washed precipitate be 
placed on a watch-glass and dissolved in a drop 
of dilute nitric acid, silver nitrate added, and 
the solution obtained neutralized very cautiously 
with ammonia, the characteristic red arsenate of 
silver is precipitated : 

P KaA804 + MgCl^NH^Cl + NH4OH 

■ = MgNH, AsO, + 3KC1 + NH4OPI. 

Hydrogen Arsenide (^AsJJs)- — ^If ^ solution of 
arsenious or arsenic acid or any of their com- 
pounds (except sulphides) be treated with zinc 
and dilute sulphuric or hydrochloric acids in the 
same manner as given for antimony, gaseous 
hydrogen arsenide will be formed (a), which can 
be ignited in the same way as the antimony 
compound, giving the flame a bluish tint, and 
white fumes of arsenious oxide are formed (b). 
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a brownish-black staia of solid hydrogen ar- 
senide, having a decided lustre, is obtained. 
The deposit, unlike that of antimony, is soluble 
in sodium hypochlorite (c). When arsenic and 
antimony are present together, the use of sodium 
hypochlorite as a means of separation is not reli- 
able. A better plan is to add a dmp or two of 
ammonium sulphide to the black stain obtained, 
evaporate at a gentle heat, and then place the 
piece of porcelain with the atain, now changed to 
sulphide, downwaid, over a small beaker containing 
fuming hydrochloric acid. If antimony only is 
present, the orange-colored residue disappeai-a, vol- 
atilizing as chloride; but if arsenic be present, the 
yellow ai-seniou3 sulphide remains (Anderson). 

If hydrogen arsenide be passed into a solution' 
of silver nitrate, a black precipitate of metallic 
silver is formed, and the arsenic goes into solu- 
tion as arsenious oxide ((/). After filtering out 
the silver, the arsenic may be precipitated in the 
filtrate as silver arsenite, by aflding a few drops 
of silver nitrate, and then neutralizing very car^ 
fully with dilute ammonia (e). 

(a) H^AsOa + 3Zn + 6HC1 

= A^Hg -t- SZnClj -f- 3H,0;' 
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(h) 4A8H8 + 60, = AsA + 6HjO ; 

(c) 2A8H8 (solid hydride, or stain) + SNaClO 

= 2H3ASO4 + 8NaCl ; 

(d) AsH, + 6 AgNOa + SH^O 

• = HjAsOs + 6Ag + 6HNOs ; 

(e) HgAsO, + GHNOg + 3AgNOs + 9NH4OH 

= AggAsOs + 9NH<NOs + QH^O. 

Heduction to Metallic Arsenic. — If arsenites, 
arsenates, or the sulphides are fused with a mix- 
ture of three parts of sodium carbonate and one 
of potassium cyanide, the arsenic is reduced to 
the metallic form. The test is made in a glass 
tube blowil into a small bulb at one end, the mix- 
ture is introduced into the bulb and heated, the 
reduced arsenic volatilizes, and condenses as a 
dark mirror in the upper part of the tube. 

If any compound of arsenic be mixed with 
sodium carbonate, and fused on charcoal in the 
reducing-flame of the blowpipe, the highly charac- 
teristic garlic odor will be observed. 

GOLD (Au). At wt. 197.2 ; sp. gr. 19 3. 

Gold is a yellow metal, veiy lustrous, soft, and 
exceedingly malleable. Precipitated from solu- 
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tion it varies in color from brown to nearly black. 
It fuses only at a high temperature (about 
1035° C), and does not oxidize upon ignition in 
the air. 

It is insoluble in any of the acids alone, but 
dissolves easily in aqua regia or any solution con- 
taining chlorine, yielding a solution of auric chlo- 
ride (AuClg). Solutions containing free bromine 
or iodine also dissolve it. 

The alkaline cyanides in presence of air or oxy- 
gen dissolve gold, and although the action is slow, 
it is of great commercial importance, a very large 
amount of gold being obtained from its ores 
by leaching them with a solution of potassium 
cyanide : 

4Au + 8KCy + O, + 2H,0 = 4KAuCy2+ 4K0H. 

It is not attacked by fusion with acid potas- 
sium sulphate (a distinction from almost all of 
the metals). 

Gold is found very widely distributed in 
nature, although as a rule in very small quantities. 
It is almost always found in the metallic state 
alloyed w ith more or less silver. Iron and copj>er 
pyrites often contain it, and it is a disputed ix)int 
as to whether the gold is there present as a sul- 
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pMde ot in the metallic state, Telliiriura com- 
bines with gold to form a telluride. Gold forms 
a considej'able number of double salts, as KAuCl^ , 
KAuCy^, etc. 

Strong ignition decomposes all gold salts, leav- 
ing a residue containing metallic gold. 

Oxides. — There are two oxides of gold, aui'ous, 
Au^O, and auric, AuaO^ , and two corresponding 
series of salts. 

Both of the oxides are dark brown or black, 
and decompose on ignition into metal and oxygen. 
They dissolve readily in hydrochloric acid, but 
not in eulphnric or nitric. Auroua chloride is 
decomposed by water into auric chloride and 
metallic gold. 

Auric chloride is soluble in water, giving a 
reJdish-brown color io concentrated solutions and 
yellow in dilute, the color being visible even 
when greatly diluted, 
^h Action of iJie Alkalies. — Potassium hydrate in 
^^^ry concentrated solution gives a bmwn precipi- 
' tate that dissolves in excess of the reagent, form- 
ing potassium aurate, K^A-UsO^. 

Ammonia gives in concentrated solutions a 

r*3(ldish-yellow precipitate of auric oxide combined 

jffitli NHj, called " fulminating gold. 
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Auric oxide is most readily obtained by pre- 
cipitating with magnesia (MgO) or its hydro- 1 
xide. I 

Gold Sulphide. — H^S in neutral or acid solu-J 
tions gives a brownish-black precipitate which is I 
said to be Au^Sg when precipitated from cold 
solutions, and a mixture of the same with metallic 
gold and sulphur if the solution is hot. The 
precipitate is insoluble in hydrochloric and nitric 
acids even on heating, but is soluble in aqua regia 
(CI). It is also soluble in the alkaline sulphides, 
particularly on heating; at least that portion 
which is present as sulphide is dissolved. 

Ammonium sulphide also precipitates gold i 
AujSj, soluble in an excess of the reagent. 

MediicUon to the Metallic Stat^e. — Gold is easil^ 
reduced to the metallic state from its solutions by 
many different reagents, among the most import 
tant being feri'ous and stannous salts, oxalic acid,,! 
sulphurous acid (in hot solution), and the metala,! 
particularly zinc. 

Action of Ferrous Salts. — Feirous salts whaj 
added to solutions containing gold as chloride C 
bi-omide give a dark-bi'owti precipitate of me- 

Uic gold. The solution containing the sus- 
sd precipitate has a characteristic blue-black j 



color, especially if the original solution was very 
dilute. 

SAuCla + 6FeS04 = 2Au + 2Fe2(S04)3 + Fe^Cle. 

Oxalic Acidj when added to a solution of the 
chloride or bromide, which must be free fi*om 
nitric acid, and contain little or no hydrochloric, 
gives on warming the solution a precipitate of 
metallic gold which separates in flakes or is de- 
posited as a mirror on the sides of the vessel* 

2 AuCla -f 3H AO4 = 2 Au + 6C0, + 6HC1. 

Stannous Ohlorule containing a little stannic 
salt gives in dilute acid or neutral solutions of 
gold a brown or purple precipitate (" purple of 
Cassius"). 

Potassium nitrite also precipitates gold in the 
metallic state, even from very dilute solutions. 

Metallic Zinc is a very valuable precipitant for 
gold, precipitating it not only from acid solutions, 
l>ut also from its solution in cyanides : 

2KAuCy2 + Zn = 2Au + 2KCy,ZnCy2. 

* — . — ' 

Mercury. — Gold dissolves readily in mercury, 
forming an amalgam from which the gold can be 
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easily regained by ignitioii, the mocory vola- 
tilizing. 

Thi^ is the basis of the well-known amalgamation 
process for the extraction of gold from its orea 

PLATINUM (Pt). At wt 194.9 ; spu gr. 2I.S 

Platinum when compact is of a steel-gray color, 
is exceedingly malleable and dnctiley and very 
infusible. Precipitated platinum is black. Its 
f using-point is about 1 775** C. ; ignition in the air 
does not alter it Like gold, it is insoluble in any 
one of the acids, and also when fused with acid 
potassium sulphate. 

It is soluble in aqua regia or chlorine, the 
solution consisting of hydrochloroplatinic acid 

(II«PtCl,). 

The alkaline nitrates and their hydroxides with 
access of air oxidize platinum at a red heat. For 
this reason fusion with the alkaline hydrates must 
never be made in platinum vessels. Platinum 
veiy readily forms alloys with metals, particularly 
with edsily reducible ones. 

Platinum forms two oxides — platinons (PtO) 
and platinic (PtO^). Platinic hydroxide(Pt(OH)4) 
is easily soluble in dilute acids and in sodium 
hydroxide. All of its salts are decomposed on 
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gnition, yielding a residue of metal. Platinic 
jhloride at a low red heat is converted into plat- 
nous chloride, and this at a higher temperature 
ives metallic platinum. Cuprous chloride also 
educes platinic chloride or potassium platini- 
rhloride to the platinous salt. 

Platinic Sulphide (^PtS^. — HgS in cold acid or 

eutral solutions precipitates the sulphide slowly 

d incompletely, and only after the solution has 

^en kept saturated with the gas for a long time. 

hot solutions the precipitate forms much more 

r^^pidly. 

Platinic sulphide is insoluble in all acids when 
^sed alone, but is soluble in aqua regia or chlorine. 
T*lie alkaline polysulphides in large excess and with 
tlxe aid of heat dissolve it, but only very slowly. 
Fi^om these solutions it is reprecipitated by acids. 
Precipitation hy Potassium or Ammonium 
Sfalts. — ^Neutral or slightly acid solutions of 
platinic chloride if not too dilute are precipitated 
by potassium or ammonium chloride as yellow 
ci^ystalline precipitates of potassium or ammonium 
platinichlorides (K^PtCle or (NH4)2PtCl6). 
With dilute solutions it is necessary to evap- 
131 1 orate on the water-bath almost to dryness and 
oB I treat the residue with dilute alcohol. 
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The potassium precipitate on ignition is de — 
c()ni})ose<I; yielding a residue of metallic platinum ^ 
and pr)tasaium chloride. The ammonia salt leaves 
only metallic platinum. 

Rediu-ing Agents. — Ferrous sulphate after long 
boiling produces a precipitate of metallic plati- 
num. 

Stannous chloride gives no precipitate, but 
changes tlie color of the solution to a dark red, 
due to the reduction of the platinic salt to plat- 
inous : 

PtCl, + SnCl, = PtCl^ + SnCV 

rotassiuni nitrite gives no immediate precipi- 
tate, })nt after standing for some time a yellow 
precipitate is thrown down, K2Pt(NO;4)4. 

Oxalic and sulphurous acids do not pi-ecipitate 
platinum solutions even on boiling. 

Metallic zinc precipitates platinum very rapidly 
from its solutions. 

SEPARATION OF GOLD AND PLATINUM. 

These metals are very easily separated from 
each other by adding ammonium chloride to a 
solution of their chlorides, evaporating on the 
water-bath nearly to dryness, and extracting the 
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■ reskl ue with alcohol, \vh ich dissolves the am- 
monium aurichloride, leaving the ammonium pla- 
tinichlonde. To the alcoholic solution contaio- 
ing the gold water is added, and the solution 
evaporated on the water-bath to expel the alcohol. 
The gold is then precipitated by ferrous sulphate 
or oxalic acid. 

»1he yellow precipitate containing the platinum 
on ignition leaves a residue of metallic platinum. 
In practical work gold and platinum are seldom 
met with except in alloys (in ores they are de- 
termined by Are -assay). From these they are 
separated by treatment with acids or fusion with 
acid potassium sulphate, which leaves the gold 
and platinum undissolved. Fusion with sodium- 
potassium carbonate and nitrate reduces gold and 
platinum compounds to the metallic state. 

After removal of the other metals by treatment 
with acids the gold and platinum are dissolved in 
aqua regia and then separated from each other, aa 
already given. 

When present in solution they will, if not n'- 

moved by some of the methods given, be found 

Heither wholly or partially ivith the other metals 

^Bf the sixth group. Owing to the great difficulty 

^with \vhich platinic sulphide dissolves in ammo- 
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a portion of it at least will be foun 
esidue of mercuric sulphide left aftt 

ig the fifth-group sulpliides in nitric sa . 

insoluble in nitric acid when pi'ecip: 

liot solutions. vs>. - 

presence may be detennined in this regy wiii*^ -^ -r j 

ying the mixture of the two sulphides 

\g them in a glass tube closed at one * 
tiercuric sulphide volatilizes, leaving the j^ 
sulphide or metal, which may be dissoh 
la regia and tested for platinum, 
d also may be found in the residue with tj 
ric sulphide, as it does not always dissoh 
etely in the ammonium sulphide, and is ii" 
e in nitric acid. -^ 

)resent, it will be left with the platinum on' 
ig the residue in the glass tube, and with 
^ill be found in the aqua regia solution. 
3 gold and platinum sulphides that ai'e dis- 
l by the ammonium sulphide will, if the 
I apparatus is used, be found in the metallic 
in the generator, and after removal of the 
nd tin by hydrochloric acid may be dissolved 
la regia and tested for as already explained. 
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NOTES TO SCHEME V. 

Note 1. — The addition of hydrochloric acid 
should be made with care, for it is veiy impor- 
tant that the filtrate be acid, yet a large excess of 
acid is not admissible, since it prevents the com- 
plete precipitation of the metals by HgS. It 
must also be remembered that bismuth and anti- 
mony salts may be precipitated on the addition 
of hydrochloric acid, and that a moderate excess 
of dilute acid is necessary to dissolve them. If 
on washing the precipitate the washings come 
through turbid, add a few drops of HCl to the 
wash-water. 

If the original solution before the addition of 
the HCl has an alkaline reaction, it should be re- 
membered that on adding acid to such a solution 
we may obtain a precipitate of any of those metals 
whose hydroxides are soluble in alkali. The pre- 
cipitate in this case, however, will redissolve on 
the further addition of acid (except lead). In 
the case of metals of the sixth group dissolved 
in alkalies or alkaline sulphides the precipitate is 
insoluble in moderate excess of acid, and it usu- 
ally shows a characteristic color. If the orieinal 
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solution is alkaline, and hydrochloric acid gives a 
colored precipitate, insoluble in an exce^^s of the 
dilute acid, the precipitate should be filtered off, 
and after washing, digested with (NH4);jS^ to 
dissolve any of the sixth group metals, which 
are to be tested for in the usual way in the 
filtrate. The residue insoluble in the (NH4)2S-p, 
is dissolved in hot dilute nitric acid and again 
tested with hydrochloric acid. 

Note 2. — It is important that all the lead chlo- 
ride should be washed out before testing for the 
silver and mercury, as it interferes with the latter 
tests. 

Note 3. — Add the ammonia in small portions 
at a time, othei*wise much of the silver may be 
left in the residue, owing to a reaction between 
the metallic mercury formed by the action of 
ammonia on mercurous chloride and the silver 
chloride whereby metallic silver is precipitated : 

2Hg + 2 AgCl = 2 Ag + Hg,Cl^ 

Note 4. — The object in boiling out the excess 
of ammonia is to avoid the formation of much 
ammonium niti-ate, since this salt has some solvent 
action on silver chloride. 

Note 5# — Dissolve this residue in as little aqua 
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regia as possible, then evaporate carefully until 
all free chlorine is expelled, dilute with a little 
water, and if there is any residue, filtei', and test 
the residue (probably AgCl) for silver. The 
filtrate is tested for mercury with a few drops of 
stannous chloiide (SnCL^). 

Note 6. — As stated in Note 1, it is very impor- 
tant that the solution to be precipitated by HoS 
should have a proper quantity of free acid (best 
HCl): if there is not enough present, there is 

danger of zinc precipitating ; and if the solution 

• 

^8 too acid, the metals of the fifth and sixth 
groups are not completely thrown down. It is 
always a simple matter to determine roughly the 
quantity of free acid in this solution, by taking a 
Mttle in a test-tube, and adding solution of sodium 
^rbonate until a permanent precipitate is formed. 

The amount of sodium carbonate used of course 

• 

^^dicates the quantity of free acid. When a solu- 
*^on is found to be strongly acid, it is, as a rule, 
^^^e best plan to evaporate to small bulk, and then 
dilute with water. In case bismuth or antimony 
^^'ere present, the addition of water may cause a 
Precipitate; but this can be disregarded, as the 
HjjS will convert it all into sulphide. 

Instead of removing the excess of acid by eva^ 
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oration, the solution is sometimes largely diluted 
with water, and then precipitated with HgS. In 
cases where only the fifth and sixth groups are to 
be detennined, this plan might be used to advan- 
tage, but not when all of the groups have to be 
tested for. Neutralization of the free acid by 
alkali is not advisable. 

The best method of conducting the precipita- 
tion is to pass a rapid current of H^S gas into the 
solution until, on shaking, it smells strongly of 
HgS. The precipitate of sulphides should be very 
thoroughly washed with water containing H^S. 

When washed with pure water only, certain 
sulphides are liable to assume the colloidal condi- 
tion, and pass through the filter, giving a dark- 
colored filtrate. 

The filtrate from the H^S precipitate should 
always be tested, to see if the precipitation has 
been complete ; either by adding to a portion a 
large excess of H^S water, or, what amounts to 
the same thing, pass in HjjS gas, and if this gives 
no more precipitate, add a large excess of water, 
and again saturate Avith the gas. The water is 
added, to so dilute the free acid present that it 
will not prevent the complete precipitation of the 
metals as sulphides. Of course, if any precipitate 
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is obtained by these tests, then the whole of the 
filtrate must be treated in the same way. 

Whichever way the filtrate is tested, it should 
always be heated to 60° or 70° C. for some time, 
in order to precipitate any arsenic acid that may 
be present. 

Note 7. — The treatment of the sulphides with 
(NH4)5jSa. is best made by removing the precipi- 
tate from the filter-paper, placing it in a small 
beaker, adding sufficient of the ammonium sul- 
phide to completely cover the precipitate, warm- 
ing for a few minutes, filtering by decantation, 
and repeating the treatment of the residue two or 
tlree times with small quantities of the (NH4)5jSa;. 
The final residue must be washed very thor- 
oughly with water containing a few drops of 
^.mraonium sulphide, so as to wash out all chlo- 
i^des; otherwise the subsequent treatment with 
liitric acid would form aqua regia, and dissolve 
tine mercuric sulphide. 

Note 8. — The residue at this point is not 

always black, even when mercury is present, 

since the mercuric sulphide is sometimes changed 

by the boiling with nitric acid to the light-colored 

compound 2HgS,Hg(N03)o. This is tested in 

t'he same way as the black sulphide, by diae^olvm^ 
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in chlorine, and precipitating with stannous chl 
ride. 

It should be remembei-ed that this residue aome* 
times contains lead as sulphate, particularly if the 
nitric acid used was strong. The beet way to teat 
for it is on chai-coal with the blowpipe. Tin in 
the form of raetastannic acid is also sometimes 
found here, owing to the treatment of the sulphides 
with (NH|).,Sj. having been incomplete. 

NoTK 9. — Evaporate the solution carefully, al- 
most to dryness, so as to expel the excess of nitric 
acid, then before adding sulphuric acid to the 
whole of it, test a small poi-tion by adding a con- 
siderable excess of dilute sulphuric acid, allow to 
stand a few minutes, and if a precipitate forma, 
add the acid to the remainder of the solution. If 
no precipitate forms in the first test, do not add 
any acid to the rest of the solution, but proceed 
to test for bismuth with ammonia. 

It is advisable to test a few drops of the con- 
(.■isntrated solution for silver by diluting with water 
and adding hydrochloric acid. 

Note 10. — Success in mating this test depends 
on having very little free hydrochloric acid and 
large excess of water. 

Another good way to make the test is to dit-* 
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solve the precipitate on the filter paper m a iittle 
dilute hydrochloric acid, allowing the solution to 
run through into a small porcelain dish, evajiorate 
until only a drop or two of liquid remains, and 
pour this into a large test tube full of water. 
^^ The fact of a precipitate forming on the addi- 
^^jon of ammonia in excess is not proof of the 
presence of bismuth, for if lead or mercury had 
Dot been completely removed from the solution 
they would be precipitated by that reagent. 

Note 11. — If copper is not present, aa shown 
by the test with ferrocyanide, do not add potassium 
cyauide to the remainder of the solution, but make 
it slightly acid with dilute hydrochloric acid, and 
pass in H3S gas to precipitate the cadmium. 

If the precipitate for cadmium be dark colored, 
it is beat to confirm it on charcoal with the blow- 
pipe. (See Cadmium.) 
I Note 12. — Add only enough acid to make solu- 
tion slightly acid. An excess of acid might dis- 
t solve sulphide of tin. 
I Note 13. — Place the sulphides in a small poree- 
fcn dish, add enough concentrated hydrochloric 
to cover tbe precipitate, and heat to boiling, 
adding fi-ora time to time a small crystal of potas- 
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only are present, tbey will dissolve in the hot 
hydrochloric alone, so it is always well to boil 
a few moments before adding any chlorate, for 
if everything dissolves (except a little snlphui*) 
no arsenic can be present, and no fuith r test 
for it is necessary. 

Continue heating until everything except the 
separated sulphur has dissolved, and all free chlo- 
rine has been expelled. 

Note 14. — The reagents used in this test should 
always be tested for arsenic and antimony, as 
these are impurities frequently met with in hy- 
drochloric and sulphuric acids and in zinc. The 
surest way to test their purity is to put some of 
the zinc and acid in a Marsh apparatus, and test 
the evolved gas for arsenic and antimony by the 
miiTor test on cold porcelain. (See Arsenic and 
Antimony.) 

The solution supposed to contain arsenic and 
antimony should always be added in small quan- 
tities at a time, otherwise the reaction may be- 
come so violent as to spoil the test. 

Note 15. — The silver nitrate is added so as to 
make sure of some being present, since that added 
in the first place to the solution may have been 
all precipitated by the arsenic and antimony. 
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Very dilute ammonia should be used, and it is 
best to add it so that it forms a layer over the 
silver solution. This may be done by pouring it 
very carefully down the side of the test-tube. 
At the junction of the two liquids a yellow ring 
of silver arsenite will be formed if arsenic be 
present. 

Note 16. — ^A small amount of an orange-col- 
ored precipitate is sometimes obtained here, due 
to the presence of a little antimony in the solu- 
tion. 

Note 17. — ^When possible, rinse precipitate off 
the filter into a test-tube with a little water, add 
a small piece of tartaric acid, and boil. Then 
add a few drops of hydrochloric acid and filter. 

If the precipitate given by H^S is not the 
proper color (orange), it may be easily tested for 
antimony by dissolving it in a few drops of boil- 
ing concentrated hyrochloric, and placing the solu- 
tion in a platinum capsule with a piece of zinc, 
when, if antimony is present, the characteristic 
hlack stain will make its appearance. 

Note 18. — The tin in this residue is generally 
in the form of loose spongy particles, from which 
the zinc can easily be removed. Antimony, if 
present, is there as black flakes or powder. 
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It ie best to i-emove the zinc before dissolving 
the tin. This ia readily done by picking out the 
hard lumps of zinc with a pair of pincers. 

Note 19. — It is always well to test in this 
residue for antimony, if it has not already been 
found in precipitate 1 5. 

If the current of hydrogen in the Marsh appa- 
ratus has been weak, a large amount of the anti- 
mony is often left here in the metallic state. 

Note 20. — Another plan for separating these 
sulphides is as follows : Rinse the pi'ecipitate into 
a beaker, add a lump of ammonium carbonate, 
and warm gently for a few minutes, filter, and 



8DS,.Sb,B.. 

Dissolve in bot concentrated bydro- 
cblorlc acid. 

Place solution in platliiiim capaide 
■wilb a piece of ziuc. AuUniony, if 
present, givea the well-known black 
Btaiii, and tbe tin is found as u spongy 

Ri'iiiOTe tbe undissolved zinc, and 
iKiil the residue with a little strong hy- 
drochloric acid, Tbe tin diuolvca as 
Biannous chloride, and after fillevlng 
muy be tealeil with mercuric cblorlile. 

Afurilier lest for antimony maybe 
made by ilisaolving Ibe residue, if Buy, 
left by hydrochloric acid, in chlorine, 
and precipitating with HiS. 



Filtrate 

(NH.).AaS.-)-(NH.),AsO,. 



As,S.. 

Heat with a little con- 
cenlraled nliric acid unti"" 
dissolved. 

Test n portion of th« 
solution for arsenic acl^ 
wi(h ammonium molytr 

Anoiher portion te-a 
with magnesia mixture. 
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This method is not quite exact, as some of the 
antimony and tin sulphides are liable to go into 
solution, and a little of the arsenic may be left in 
the residue. Still it is a rapid method, and for 
ordinary work sufficiently accurate. 
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Section II. 
THE ACIDS. 



The detection of the acids cannot be effected 
methods similar to those used for the bases. Th^ 
do not form distinct groups as the metals i 
which can be separated from each other by pij 
cipitation and filtration. 

In almost all cases they are determined by i 
cial teats. Although we cannot divide and sepi 
rate them group fi-om group, still it has been fouiM 
convenient to classify them to some extent- 
classification depending on their deportment wiil 
barium ehlonde and silver nitrate ; those acia 
giving a precipitate with barium chloride in ne( 
tral solution forming one division or gix)up, a 
those precipitated by silvei' nitrate fi'om solutioM 
acid with nitric acid constituting the second divi- 
sion. Besides these there are two acids (nitric 
and chloric) that are not pi'ecipitated by any i*- 
agent, and for this reason are put in a group by 
themselves. 

The classification just given is for the inorganic 
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acids only, and they ai'e the only ones that will 
be considered in the following pages. 

The presence of organic acids can easily be de- 
termined by evaporating to dryness and igniting 
a neutral solution. If present, they leave a car- 
bonaceous residue. 

First Group. — Precipitated hy barium cJdoi'ide 
from neut/i*al solution : Chromic acid (anhydride, 
CiOj), sulphuric acid (H2SO4), phosphoric acid 
(H3PO4), boric or boracic acid (H3BO3), hydroflu- 
oric acid (HF), carbonic acid (CO2, anhydride), 
and silicic acid (H4Si04). All these acids, with 
the exception of hydrofluoric, are precipitated by 
silver nitrate from neutral solutions. 

Second Group. — Precipitated hy silver nitrate 
Jrom solutions axyid with nit7*ic add: Hydrochloric 
acid (HCl), hydrobromic acid (HBr), hydriodic 
acid (HI), hydrocyanic acid (HON or HCy), 
Lydroferrocyanic (H4FeCy6), hydrofemcyanic 
(H6Fe;jCyi2), hydrosulphuric acid (H2S). 

Ihird Group. — Not precipitated hy any re- 
agents: Nitric acid (HNOj) and chloric acid 
CHClOa). 



FIRST GROUP. 

PRECIPITATED BY BAKIUM CHLORIDE FROM NEUTRAL 

SOLUTIONS. 

CHROMIC ACID (Anhydride, CrO,). 

Chromic acid (H2Cr04) Las not been obtained 
in the free state, although many salts corre- 
sponding to such an acid are known, some of them 
beautifully crystalline. The anhydride forms 
beautiful scarlet crystals, deliquescent, and very 
soluble in water, imparting to the solution a red- 
dish-yellow color, which is visible in veiy dilute 
solutions. On ignition it yields chromic oxide 
(CrjjOa) and oxygen. It acts as a veiy powei-ful 
oxidizing agent, and as a caustic on living tissues. 
A mixture of chromic anhydride and concentrated 
sulphuric acid forms an extremely active oxidizing 
mixture. It is used in the analysis of pig iron to 
oxidize the graphite to carbonic acid : 

4Cr03+6H2804+3C=2Cr,(S04)3+3C02+6H20 

The chromates are all red or yellow, the color 
being visible even in very dilute solutions. Those 
of. the first and second group metals, with the ex- 

188 
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ception of barium, are soluble in water; all the 
others insoluble, or nearly so. 

Hedaction of Chw7nic Acid or Chromates to 
Salts of Chromic Oxide {Or^O^^. — Some of the 
most characteristic reactions of chi'omic acid de- 
pend on its active oxidizing properties, the chromic 
acid or chromate being at the same time reduced to 
chromic oxide. The reduction is clearly indicated 
by the change in color from the red or yellow of 
the chromate to the bluish-green of the chromic 
salt. If HgS be added to an acid solution of a 
chromate a precipitate of sulphur is formed, and 
the solution changes in color-from red or yellow 
to bluish green : 

K2Cr207 + 8HC1 + SH^S 

= Cr^Cle + 2KC1 + 38 + 7HA 

This reaction is of special importance, for it is 
evident that although chromium may be onginally 
present as the acid, the precipitation of tfhe metals 
with H^S will always reduce it to chromic salt, 
and it will consequently be found among the 
bases. The change in color will, however, surely 
denote its presence. A means of distinguishing 
between it and the basic chromium will be given 
later. 
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Ammonium sulphide causes the same reduction 
and then precipitates the chromic salt formed, 
yielding a precipitate of hydroxide. 

Many other substances reduce chromic acid or 
chromates to chromic salt, such as sulphurous 
acid {a)y concentrated hydrochloric acid (A), di- 
lute hydrochloric acid and alcohol (c), stannous 
chloride or zinc in acid solution (not nitric) (d 
and e)j tartaiic and oxalic acids, etc. 

(a) KjjCr A + 3SO2 + H2SO4 

= Cr^CSOOa + K,S04 + H,0 ; 

(5)K2CrA+14HCl 

= Cr^Cle + 2KC1 + SCTa + TH^O ; 

{c) K^CrgO. + 9HC1 + 4C2H5OH 

= Creole + C2H5CI + 3C2H4O + 8H2O + 2KC1 ; 

{d) KaCr.O^ + 14HC1 + SSnCl^ 

= Cr^Cle + 3SnCl4 + 2KC1 + TH^O ; 

(e) KS^v^O, + 3Zn + 1 4HC1 

= Cr^Cle + 2KC1 + SZnCl^ + 7HA 

All these i^eductions are made evident by the 
change in color from red or yellow to bluish 
green. 
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Reactions of Chromatea with the Bases. 

Barium Chrmnate {BaCrO^. — Barium chlo- 
ride added to solutions of the chromates gi^es a 
yellow precipitate of barium chromate (BaCi04)- 
The precipitate is soluble in hydrochloric and 
nitric acids, and decomposed by sulphuric acid. 
It is nearly insoluble in acetic acid. 

K2Cr04 + BaCl^ = BaCr04 + 2KCL 

Lead Chromate {PbCrO^. — Soluble chromates 
added to lead salts give a yellow precipitate of 
lead chromate, slightly soluble in dilute nitric acid, 
insoluble in acetic acid and in ammonia Soluble 
in sodium or potassium hydrates, from which solu- 
tions it is reprecipitated on acidifying with acid 
(best to use acetic) : 

K2Cr04 + Pb(N08)2 = PbCr04 + 2KN08 ; 

* — , — ' 

PbCrO^ + 4K0H = K2C1O4 + KaPbOj + 2H,0. 

* . ' 

Silver Chromate. — Normal chromates in neutral 
solutions of silver salts give a dark-red precipitate of 
silver chromate (Ag,,Cr04). In slightly acid solu- 
tions the dichromate is precipitated (Ag*^Gr.pt^Y 
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Both precipitates are soluble in nitric acid and ii 
ammonia : 

K^CrO, + SAgNOa = Ag,CrO, + 2KNO3. 

Porchroniic Acid (^M^Cr^O^f). — A veiy beau- 
tiful and deli<aite test for chromic acid ie made by- 
taking a little of a very dilute and acid solution 
of hydrogen peroxide, addiug a small quantity of 
ether, and then the solution containing the chromic 
acid or chromate. 

The liquid in the tube changes to a beautiful 
blue color, and if the tube be closed and inverted 
several times the solution becomes colorless, and 
the color is now concentrated in the layer of ether. 
This blue color is probably diie to perchromic 
acid, but the compound is so unstable that its 
composition has not been satisfactorily determined. 
The following equation may, perhaps, represent 
the action that takes place: 

2HaCrO, + HA = HaCrA+ 2HjO. 



J 



SULPHURIC ACID (H,SO.). 

Su'phur wheii burned foi-ms the oxide 

called sulphiirous anhydride, which with water 

forma sulphurous acid (H.SO3) — at least the salts 

formed correspond to an acid of this compoBiti< 
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although the acid itself cannot be isolated, as it at 
' once splits up into sulphui-ous anhydride (SO^) 
, and water. This oxide can take up one more 
[ atom of oxygen, foriuing sulphuric anhydride 
I (SOa), which combines readily with water, yiel,d- 
I ing sulphuric acid (HaSO,). 

Sulphuric anhydride when in the solid state ia 
[ usually in the form of white, silky crystals. These 
on exposure to the air quickly absorb moistm-e 
I and become liquid. 

Concentrated sulphuric acid is a heavy, oily 
[ liquid, colorless and transparent. 

Both the anhydride and the acid dissolve in 
L water in all proportions, and the solution is ac- 
I companied by the evolution of much heat. Owing 
I to their great affinity for water, the concentrated 
' acid and the anhydride char luany kinds of or- 
I ganic matter. 

The boiling-point of the acid in 338° C. 

The sulphates with few exceptions ai'e colorless. 

All of the normal sulphates, with the exception 
of barium, strontium, calcium, and lead sulphates, 
are soluble in water. 

In alcohol only the ferric sulphate is soluble. 

Basic sulphates, which are insoluble in water, 
I are soluble in hydrochloric or nltnt ac\4a. 
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Sanum Sulphate. — Barium ealts added 
solution containing eulpliuric acid oi- a sulpbate 
give a very finely divided white precipitate of 
bariura sulphate, even from exceedingly dilute 
solutions. The precipitate is insoluble in water 
and in dilute acids. 

When testing the solubility of this precipitate^ 
it should be remenibei'ed that concentrated hydixK 
chloric or nitric acids precipitate banum salts,' 
This precipitate, however, is easily soluble in 
water; so that if the solution be diluted with 
water there will be no danger of mistaking one 
precipitate for the othei-, since the barium sulphate 
would remain insoluble, whilst the chloride or 
nitrate would dissolve; 



I 



H^O, + BaCl, = BaSO, + 2HC1. 



4 

Lcid or 



Lead Sulphate (PbSO^). — Sulphuric acn 
soluble sulphates give with lead salts a white 
precipitate of lead sulphate, the propeities of 
which have already been given under lead. 

Insohthle Sulphates. — Sulphates insoluble 
water and acids may be changed to soluble 
pounds by fusion with sodium potassium 
bonate. 



I 
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In the fiision tLe sulpliuric acid of the insoluble 
coinpouud eombinea with the sodium or potassium 
carbonate aud forms a sulphate soluble in water. 
The base with which it was combined is changed 
to carbonate or oxide, iusoluble in water: 



BaSOj + Na^COs = BaCOg + Na-^SO^ ; 
PbSO, + Na^COg = PbO + Na,SO, + CO,. 



If the fused mass be tieated with Mater the 
sulphate of soda dissolves and can be tested for 
in the solution, after acidifying with hydrochloric 
acid, by the addition of l:>ariura chloride. 

Instead of fusing with the alkaline carbonate, 
the same I'esult may be obtained, although not so 
readily, especially with barium sulphate, by boil- 
ing with a strong solution of the carbonate. The 
bases will be changed to carbonates, and the sul- 
phuric acid goes into solution as sodium sulphate. 
Bh*wpip€ Test. — If a sulphate be mixed with 
dry sodium carbonate and fused on charcoal in 
the reducing ilame, it is reduced to sulphide. 
By placing the fused mass on a piece of bright 
silver and moistening with water a dark stain of 
silver sulphide is foimed. 
K It must be remembered, towevet, \)aaV kd.-^ 
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substance eontaiuiag sulphur will give the sami 
result, 80 the test is only conclusive when it 
kuown that all sulphur compounds except 
phate are absent. 

Detection of Free Sulphuric Acid. — Free si 
phuric acid eau be easily detected by adding m 
very little cane-sugar to the solution, and evapo- 
rating to dryness on the water-bath. If any of 
the acid is present in the free state, a black car- 
bonaceous residue remains, or if the quantity of 
acid is very small, simply a brown color. 



PHOSPHORIC ACID (H.PO,). 



i 



Common phosphorus is a colorless, transparent 
solid, insoluble in water, but easily soluble in 
cai'bon disulphide. 

It melts at 44.3" C, and boils at 390° C; 

It oxidizes when exposed to tlie air at ordinary.! 
temperatures, giving off white fumes which havtt;! 
a characteristic odor and are luminous in tb^l 
dark. When heated in presence of air it ignitesi 
very readily, evolving heavy white vapors of tlittfl 
pentoxide, PgOj. 

Colorless phosphorus is very poisonous, and fqi 
this reason, as well as ou account of its grei 
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inflammability, it must be handled with extreme 
care. 

It should always be kept under water, and any 
pieces required for experiment ought to be cut oflE 
while it is still protected in this way. 

If phosphorus be heated to 250° C. in a veseel 
to which air has not free access, it is changed to a 
red modification, called amorphous phosphorus. 
This differs from the colorless variety in being 
less inflammable, is not luminous, is insoluble in 
carbon disulphide, and is not poisonous. 

Phosphoric anhydiide or pentoxide (P2O5) is a 
snow-white and very deliquescent solid. With 
water it forms three different acids. If dissolved 
in cold water it yields metaphosphoric acid, 
HPOj, which on standing gradually changes to 
pyrophosphoric acid, H4P2O7 , and finally to ortho- 
phosphoric acid, H3PO4. The latter acid is also 
formed by dissolving the pentoxide in boiling 
water or by boiling a solution containing either 
the meta- or pyrophosphoric acids : 

"PA + H^O =2HP0,; 

PA + 2H2O = H4P A ; 
PA + 3H2O = 2H3POV 
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Salts of the first two acids are also formed by 
subjecting orthophosphates containing hydrogen 
or a volatile base to a high temperature ; as, for 
example, 

Na(NH4)HP04 - (NH3 + H^O) 

= NaPOg , Sodium metaphosphate ; 

2MgNH4P04 - (2NH8 + H,0) 

= MgijPgOy, Magnesium pyrophosphate. 

Compounds of pyro- and metaphosphoric acid 
are seldom met with, almost all the phosphates 
in nature and in analysis being salts of the ortho- 
acid (H3PO4). Magnesium pyrophosphate, how- 
ever, is of importance, since it is the form in 
which magnesium is generally weighed in analy- 
sis; and "phosphorus salt" (Na(NH4)HP04), 
which on fusing into a bead becomes metaphos- 
phate, is a useful blowpipe reagent. 

The salts of orthophosphoric acid are all insolu- 
ble in water, with the exception of those of the 
alkalies. In acids their solubility varies : those of 
the alkaline earths are soluble in hydrochloric, 
nitric, and acetic acids ; ferric and aluminium phos- 
phates are insoluble in acetic but soluble in the 
mineral acids. 
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Reactions of Orthopho*phoric Acid. Barium 
Pliosfphate. — ^In neutral or alkaline solutions of 
phosphates barium chloride produces a white pre- 
cipitate of barium phosphate, easily soluble in 
acetic, nitiic, and hydrochloric acid : 

Na2HP04 + BaCl, = BaHPO^ + 2XaCl. 

» , ' 

Magnesium Phosphate. — ^The precipitation of 
phosphates from neutral or alkaline solutions by 
magnesium salts is veiy important It will be 
remembered that this is the reaction made use of 
for determining magnesium, and when we have 
an alkaline solution it affoids an equally good test 
for phosphoric acid. Its use for the detection of 
phosphates, however, is veiy limited, owing to the 
fact that the test has to be made in the presence 
of ammonia ; and since all the phosphates, with the 
exception of those of the fii'st-gi-oup metals, 
require acid to hold them in solution, it can only 
be used when we have a phosphate of an alkali 
metal. Arsenic acid also must be absent, as it 
too precipitates magnesium salts from alkaline 
solution. 

In neutral solutions magnesium salts give a 
white precipitate of magnesium hydrogen phofi- 
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pbate (MgHPO^) (a), or magnesium phoapliatf 
(Mgi(P04)8), according to the conditions; but ia 
presence of amiuonium chloride and free ammonui! 
a white crystalline precipitate of magnesium ammo 
nium phosphate is formed, even in very dilute 8ola< 
tions(J). All of these precipitates ai'e soluble iff 
acetic and mineral acids. 

(a) Na,HPO^ + MgClj = MgHPO^ + 2NaCl. 

(i) Na,HP04 + MgCl, , NH,C1 + NH,OH 

= MgNH,P04 + 2NaCl + NH^Cl + HgO. 

Silver Phospliate {Ag^PQ^. — Nitrate of silvw 
gives with neutral solutions of phosphates a yet' 
low precipitate of silver phosphate soluble in nitiie 
acid and ammonia. 

Na,HPO,+3AgNO,=AgaP04+3NaNOa+HNO„ 

Ferric PhoapJiate. — If to an acid solution cos* 
taining phosphate an excess of sodium acetate be 
added and then ferric chloride drop by drop, i 
yellowish-white precipitate of ferric phosphate witi 
be formed. If the addition of the ferric ehloridft 
is continued until the solution assumes a reddish 
tinge, and the solution boiled, all the phosphoric 
acid will be precipitated iu combination with ill* 



ehft^ 
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iron, and the excess of iron present will be thrown 
down as basic acetate. This reaction is of great 
importance, as it enables us to separate phosphoric 
acid from its combinations with the alkaline 
earths. 

2Na3HP04 + Fe^Clfi + 2NaC2H30g 

= 2FeP04+ 6NaCl + 2llCJlfi, , 

' , ' 

or 2MgHP04 + Fe,Cle + 2NaC2H80a 

= 2FeP04 + 2MgCl8 + 2HC8HsOg + 2NaCl. 

' , ' 

Ammomum Plwsfphomolybdate. — Of all the 
tests for phosphoric acid this is the most valuable, 
as it enables us to precipitate phosphoric acid not 
only from acid solutions, but from solutions con- 
taining almost all the metals. 

If to a solution of ammonium raolybdate be 
added a few drops of a neutral or acid solution 
containing a phosphate, a yellow pi-ecipitate of am- 
monium phosphomolybdate((NH4)8P04,12 M0O3) 
is formed. The formation of the precipitate is 
hastened by heating the solution gently, not above 
70° C. Care must be taken in making this test 
always to have the ammonium molybdate present 
in considerable excess, otherwise the precipitate 
may not be thrown down. Arsenic and silicvi 
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acids, if present in the substance to be tested, must 
previously be removed, as they also are precipi- 
tated by ammonium molybdate, although not so 
readily as the phosphate. The solution best suited 
for the reaction is one slightly acid with nitiic 
acid. 

The precipitate of phosphomolybdate after 
being washed with a solution of ammonium 
nitrate may be dissolved in ammonium hydrate 
and the phosphoric acid precipitated with " magne- 
sia mixture" (MgCl, , NH4CI + NH^OH). 

BORIC OR BORACIC ACID (H.BO,). 

Boron is infusible and non-volatile, and when 
Heated in the air burns to boric anhydride 
(B2O3). This is a colorless glass fusible at a red 
h6at, and soluble in water and alcohol. On evap- 
orating these solutions boric acid volatilizes with 
the water or alcohol. For this reason acid solu- 
tions of borate must always be neutralized befoi^e 
concentration. 

Boric anhydidde forms with water metaboric 
acid (HBOo) and orthoboric acid (H3BO3), also sev- 
eral other hydrates of more complex composition. 
The borates of the alkalies are soluble in water, 
the others insoluble. The3^ are not decomposed 
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on ignition. Although boric acid is a very weak 
one when in solution, yet in the dry state it acts 
very powerfully, driving out the strongest acids 
from their combinations, by simply fusing them 
with the acid or its anhydride. 

Although boric acid or borates form insoluble 
precipitates with many metals, yet none of them 
are of much analytical importance. With barium 
salts borates give a white precipitate soluble in 
acids and in ammonium salts. Silver nitrate in 
concentrated solutions gives a white precipitate 
of silver borate, in dilute solutions a precipitate 
of silver oxide. Both are soluble in nitric acid 
and ammonia. 

Turmeric Test. — A very delicate test for boric 
acid is made by dipping a piece of turmeric paper 
into a solution of a borate made slightly acid 
with hydrochloric acid ; the paper is then driedf 
on the water-bath, when it assumes a characteristic 
red tint. If the paper colored in this way be 
moistened with alkali the color changes to black 
or dark green, but is restored again by addition 
of a little dilute hydrochloric acid. 

In making this test much free hydrochloric 
acid must not be present, as it gives a brownish- 
black color with turmeric paper. Feme e\i\oYA^ 
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also gives a brownish-red color, and for this reason 
should be removed before making the test. 

Flame Tests. — If alcohol be poured over dry 
boric acid or a borate, in the latter case concen- 
trated sulpliunc acid being added to liberate the 
boric acid, and the alcohol lighted, the flame will 
be colored green by the boric acid. Frequently 
the color is only seen on the edges of the flame. 
The test is made more delicate by blowing out 
the flame after allowing it to burn for a few 
moments, and then relighting it, when the edges 
of the flame will be tinged green — only momen- 
tarily if the quantity of boracic acid is small. 

Chlorides and copper salts interfere with this 
test, as they give the same color to the flame. 
Copper may be removed by precipitating with 
HgS and the chlorides by silver sulphate. 

The same coloration may be obtained by 
making a borate into a paste with a drop or two 
of concentrated sulphuric acid, heating the mix- 
ture gently in the Bunsen flame on the loop of a 
platinum wire, so as to expel excess of sulphuric 
acid, and then dipping the bead into glycerine. 
It is then lighted by holding in the flame for a 
moment, and on removing from the same it con- 
tinues to burn with a green flame. 
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FLUORINE (F) AND HYDROFLUORIC 

ACID (HF). 

Fluorine is exceedingly difficult to prepare in 
the fi'ee state, owing to the ease with which it 
combines with almost all substances to form 
fluorides. 

It decomposes water instantly, forming hydi-o- 
fluoric acid and ozone. It also attacks glass or 
other silicates readily, forming silicon fluoride 

(SiF,). 

Fluorine is always found in nature as fluoride, 

chiefly as fluor-spar (CaFg) ; it is also contained 

in cryolite (NaAlF4), and in small amount in 

apatite (Ca3(P04)2). 

Hydrofluoric Acid, — In the anhydrous state 
this is a colorless, fuming liquid, boiling at 20° C. 
and readily soluble in water. It differs from all 
other acids in its property of dissolving silica, 
and for this reason is especially valuable in the 
analysis of silicates. All metals with the excep- 
tion of gold and platinum are soluble in it with 
evolution of hj^drogen. 

The fluorides of the alkalies, and a few others 
are soluble in water. Strong sulphuric acid liber- 
. ates hydrofluQiic acid from fluorides. 
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Barium Fluoride. — Barium chloride gives with 
aqueous solutions of hydrofluoric acid or of fluo- 
rides a white precipitate of barium fluoride, very 
insoluble in water, and difficultly soluble in cold 
hydrochloric or nitric acid. 

From these acid solutions it is not reprecipi- 
tated on the addition of ammonia, owing to the 
solubility of barium fluoride in ammonia salts : 

2NaF + BaClg = BaFg + 2NaCL 

Calcium Fluoride. — Calcium chloride added to 
aqueous solutions of hydrofluoric acid or fluorides 
gives a gelatinous precipitate of calcium fluoride 
of much the same solubility as barium fluoride. 
Addition of ammonia helps the precipitation. 
Ammonium salts prevent it. 

Etching Test. — The most characteristic test for 
hydrofluoric acid depends on its property of com- 
bining with the silica of silicates, with the forma-, 
tion of volatile silicon fluoride. If a finely pul- 
verized fluoride is placed in a lead or platinum 
dish, and made into a thin paste with concentrated 
sulphuric acid, and then gently warmed, hydro- 
fluoric acid is evolved. A watch-glass covered 
with a thin coating of wax or paraffin, in which 
some letter or figure has been traced with a hard 
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wooden point, is placed closely over the dish, and 
the latter gently warmed for half an hour. (Care 
must be taken not to let the heat get high enough' 
to melt the wax, for if this happens, of course, the 
etching is prevented.) At the end of this time 
the glass is taken off and the wax removed by 
warming, and wiping with a cloth; the figure 
made in the wax will be found etched into the 
glass. 

CaFg + H2SO4 = CaSO^ + 2]^^ ; 

SiO^ (of the glass) + 4HP = SiF^ + 2H,0 

The presence of silica or a silicate in the flu- 
oride to be tested prevents or impairs this reac- 
tion, since the hydrofluoric acid liberated com- 
bines with that in preference to the silica of the 
glass. In this case the test is made as follows : 

Place the finely pulverized fluoride containing 
silica or silicate in a dry test-tube. Add concen- 
trated sulphuric acid in sufficient quantity to cover 
the fluoride and heat gently. 

If now a drop of water in a loop of platinum 
be held in the mouth of the tube the drop will 
become opaque and solid, due to the silicon fluo- 
ride being decomposed by the water into hydro^ 
fluosilicic gcad (H^SiFg) and silica (^^\0^, 
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Instead of using tLe drop of water the evolved 
gas may be passed over into water by fitting the 
-test-tube with a perforated cork and bent-glasa 
tube. Wheu making the test in this' way cai 
must be taken that the end of the tube that dip( 
into the water does not become choked by thi 
separated silica, as this might cause an exploeionjj 
also, do not allow the water to draw back into th 
tube containing the sulphuric acid for the saui^ 
reason. The water into which the gas has been 
passed will be found to have an acid reaction, due 
to the hydrofluosilicid acid formed. The first i 
actions are the same as in the pievious test, bu* 
the silicon fluoride formed in this last one is daj 
composed by the water as follows : 

3SiF,+ 4H,0 = 2H,SiFa + H4Si04. 

Silicates not decomposable by sulphuric aci 
should first be fused with sodium potassium i 
bonate, the fusion dissolved in water and filters 
the filtrate made verj/ slighth/ acid with hydra 
chloric acid, and boiled to expel carbonic ; 
After cooling it is made alkaline with ammonii 
and calcium chloride added, and any precipiti 
that foi'ras is dried and tested by ope of in 
methods just given. 
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SILICIC ACID (H,SiO„H,SiO.). 

Silicon forms but one oxide, SiOg, called silica 
or silicic anhydride. This oxide is found very 
abundantly in the mineral kingdom, as quartz, 
rock crystal, etc., and in the form of silicate it 
forms the greater part of the earth's crust. It is 
insoluble in water and acids, with the exception of 
hydrofluoric. 

Under certain conditions it unites with water 
to foi*m hydrates or acids as H4Si04,H;2Si03. 
Amorphous silica and the hydi'ated acids dis- 
solve in hot sodium or potassium hydrates, and in 
their carbonates, forming silicates. Also some- 
what soluble in ammonia, but not in ammonia 
carbonate. 

Fusion with alkali or alkaline carbonate yields 
a silicate soluble in water. 

Silica is not affected by heat even at extremely 
high temperatures. 

Of the silicates only those of the alkalies are 
soluble in water. Many of those insoluble in 
water are decomposed by acids, while others re- 
sist their action entirely, and can only be gotten 
into solution by previous fusion with alkaline 
cai'bonate, whereby the silicate is decomposed and 
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the silica unites with the alkali to form a solubl^ 
silicate. 

Silicic Acid. — Solutions of alkaline silicates a 
easily decomposed by all acids. 

If excess of hydi'ochloric acid be added to l 
solution of sodium or potassium silicate, no pre- 
cipitate forms at first, but after standing foi' some 
time the whole mass solidifies as a tranBparent 
jelly. If, however, the acid be added drop by 
drop, silicic acid is precipitated in a gelatinous 
form. 

By adding hydrochloric or nitric acid in excesa 
to a solution o( a silicate and evaporating the solu 
tiou to complete dryuess (110''-115° C), the sUicifi 
acid sepai-ates as anhydiide (SiO^). By treating 
the diy residue with hydrochloric acid and watef 
the insoluble silica is left as a residue. The lat 
reaction is very generally ramie use of for sepai'at 
ing silica from its combinations. With silicate 
decomposed by acid, all that is necessary is to fli-a 
boil the very finely pulverized mineral with afl 
excess of strong hydrochloric acid, dunng whicB 
opeiatiun the geater part of the silicic acid a 
rates, generally as a gelatinous precipitate, ! 
times as a pulverulent one. 
As 800R )13 the miuiiTaV \a tomYletely decom" 
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posed the mixture is evaporated to dryness and 
heated in the air-bath, with occasional stirring, 
until no odor of acid is perceptible. The dry- 
residue is then moistened with a little concen- 
trated hydrochloric acid, a small quantity of water 
added, and the mixture heated until everj^thing 
except the silica has gone into solution. The 
silica is then filtered oflF, and on drying appears as 
a white gritty powder. 

In the case of silicates not decomposable by 
acid, the mineral, as already stated, must first be 
fused in a platinum crucible with a mixture of 
four or five parts of sodium potassium carbon- 
ate. (The fusion should be continued until the 
mass is perfectly liquid, and no more gas is given 
off.) The fused mass is then treated with water, 
and, without previous filtration, sufficient hydro- 
chloric or nitric acid is added to make the solu- 
tion acid ; the mixture is then evaporated to dry- 
ness and the silica separated as in the previous 
method. 

When it is required to test for the alkalies in a 
silicate that is not decomposed by acid, the fusion 
method just given is, of course, not admissible. 
In such cases the mineral is fused with barium or 
calcium oxides instead of sodium ot ^o\»^i\M\si 
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carbonate, and the sOiea separated in the same 
way as if the carbonates had been used. 

Silicon Fluoride, — Hydrofluoric acid as gas, or 
in strong aqueous solution, converts silica into sil- 
icon fluoride, SiF4 (see hydrofluoric acid); in dilute 
s<jlution it dissolves silica with formation of 
bydrofluosOicic acid: 

SiO^ + 6HF = H^iFe + iRf>. 

Silicates when treated with hydrofluoric acid 
yield silieofluorides (a), but if sulphuric acid be 
present the silieofluoride is decomposed into sul^ 
phate, silicon fluoride, and hydrofluoric acid. 

{a) CaSiOa + 6HF = CaSiF5+ SH^O ; 

{b) CaSiFe + H2SO, = CaS04 + SiF^ + 2HF. 

Ammonium or calcium fluoride (of course free 
from silica) may be used in place of hydrofluoric 
acid. To a mixture of three or four parts of the 
fluoride and one of the silicate, in a platinum cru- 
cible or dish, concentrated sulphuric acid is added 
and the mixture warmed. If a drop of water in 
the loop of a platinum wire be now held over the 
dish, the water will become cloudy or opaque, 
due to the separated silicic acid (see hydrofluoric 
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This method of decomposing a silicate may be 
used to advantage when it is required to test for 
the alkalies in silicates undeconiposable by other 
acids. 

Blowpipe lest — If silica or a silicate be fused 
in a salt of phosphorus bead (NaPOa), the bases 
with which the silica was combined dissolve, 
while the sijica floats about in the bead in the 
same form as the piece of mineral added, yielding 
the so-called silica skeleton. This test is not alto- 
gether reliable, as certain silicates such as the zeo- 
lites dissolve completely, while some other sub- 
stances containing no silica, as apatite, are not 
acted on. 

CARBONIC ACID (Anhydride, COJ. 

Carbon is found in many different forms — such 
as the diamond (crystallized carbon), which is ex- 
ceedingly hard and transparent; as graphite, which 
is soft, opaque, and black ; all the different kinds 
of coal, charcoal, etc. It is insoluble in acids, and 
infusible. Some varieties are easily combustible ; 
others, as the diamond and graphite, are burnt 
with difficulty. 

When burned with an excess of oxygen or air 
it yields carbon dioxide or anhydride (COg) 
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(commonly called carbonic acid) ; if the carbon is 
in excess the product is carbon monoxide (CO). 

Carbonic Anhydrule (^COS). — Carbon dioxide 
or anhydride is at ordinary temperatures and 
pressures a colorless and almost odorless gas of 
high sj^ecific gravity (1.52). At 0° C. and a pres- 
sure of 36 atmospheres it condenses to a liquid, 
which if allowed to evaporate rapidly causes a fall 
in temperature to —80° C, and a portion of the 
liquid solidifies as a snow-white mass. 

The gaseous dioxide is somewhat soluble ia 
water, one volume of cold water dissolving about 
one volume of the gas. Air containing carboa 
dioxide even in comparatively small amount i^ 
unfit for respiration, and many a fatal accident 
has been caused by inhaling it. The dreaded 
" after-damp" of coal-mines consists largely of this 
gas. It will not support combustion, a lighted 
candle being instantly extinguished if plunged 
into a vessel filled with it. This may be made 
use of as a rough test to detennine whether the 
air in any confined space, as a shaft or well, con- 
tains much carbon dioxide. 

If on lowering a lighted caudle into a shaft 
the light is extinguished, it is proof that the air 
contains the gas in considerable quantity. A 
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mixture of air and gas containing only 25^ of COjj 
will extinguish a burning candle. 

Carbon dioxide is a very weak acid. It turns 
blue litmus red, but on drying the blue color 
reappears. It forms carbonates with many of the 
metals, and of these only the carbonates of the 
alkalies are soluble in water. All carbonates, 
however, are soluble in acids, even in very weak 
ones, except in hydrosulphuric and hydrocyanic. 

The carbonates are very widely distributed in 
nature, as limestones, marbles, chalk, dolomite, 
etc., also in many mineral springs, and in almost 
all waters to a greater or less extent. The at- 
mosphere also contains a certain amount of 
carbon dioxide, which although small in amount 
(0.05^ to 0.1^) is a very important constituent, 
since it supplies plants with their carbon, their 
leaves with the aid of sunlight being able to 
decompose the carbon dioxide, assimilating the 
carbon and liberating oxygen. 

As already stated, carbonates are soluble in 
almost all acids, most of them dissolving even in 
the cold ; a few, however, require, heat (magne- 
site, siderite, etc.). The decomposition is accom- 
panied by effervescence^ caused by the escaping 
carbon dioxide (a). The acid used to deco\sv^^^'^ 
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the carbonate should always be added in excess 
so as to prevent the formation of any acid carbon- 
ate (i), since carbonic acid forms acid carbonates 
with a few of the metals, particularly those of the 
alkalies (KHC0a,NaHC03, etc). 

To prove that the gas evolved is really carbon 
dioxide it is. passed into a solution of lime or 
baryta water, or a glass rod that has been dipped 
in baryta- water is held in the test-tube in contact 
with the gas. If carbon dioxide is present the 
lime or baryta water becomes turbid, owing to 
the formation of a precipitate of carbonate (c). 

If an excess of the gas is passed into the solu- 
tion the precipitate will dissolve, but on boiling 
it again precipitates, the excess of the dioxide be- 
ing driven off by the heat 

(a) NaoCOg + 2HC1 = 00^ + 2NaCl + H^O ; 

(b) Na.COa + HCl = NaHCOa + NaCl ; 

(6') Ca(0H)2 + CO, - CaCOa + HoO. 

« — , — ' 

Bariani or Calcium Carhondte, — With solu- 
tions of the normal carbonates barium and calcium 
cliJorides give white precipitates of carbonate. 
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In dilute solutions of acid carbonates the pre- 
cipitate only forms on boiling. 

With solutions of carbonic acid no precipitate 
is formed unless the solution be neutralized : 

Na^COg + BaCl« = BaCOg + 2NaCL 

* — ^ — / 

Lead Ca/i^honate. — An ammoniacal solution of 
lead acetate or an aqueous solution of lead chloiide 
gives in solutions of normal or acid carbonates a 
white precipitate of caibonate. All neutral solu- 
tions of lead salts are precipitated by the normal 
carbonates. 
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The characteristics of this group are the precip 
itation by sih'er nitrate from solutions acid wit 
nitric acid, and the fact that barium chloiide doe 
not precipitate them. 

The acida are hydrochloric, Jiydrobromic, hydn 
odlc, hydrocyanic, hydroferrocy(m.ic, hydrofei-H 
cyanic, and hydrosulphiiric. 

HYDROCHLORIC ACID (HCI). 

Chlorine is a heavy, yellowish-green gas, poll 
aessing a characteristic odor, and is extreinel] 
irritating to the respiratory organs. It is solubli 
in water, fonning a solution of a faint yello^visb 
green color. This solution on exposui'e to liglit 
decomposes into hydrochloric acid and o.xy- 
gen (a). 

Chlorine, both as a gas and in solution, acts a 
a strong bleaching agent, destroying many ' 
table colors, and in solution is a very powe 
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oxidizing agent. It combines freely with the 
alkaline hydrates, forming hypochlorite (i) in 

I cold solution and chlorate in hot (c). 
I (a) 2H,0 + 2C1, = 4HC1 + O, ; 
I (b) 2K0H + C1, = KC10 + KC1 + H,0; 
I (c) 6K0H + 3C1, = KC10, + 5KC1 + 3H,0. 

Hydi'ochloric acid at ordiuaiy temperatures is 
a colorless, sufEocating gas, fuming in moist air, 
and very soluble in water. Concentrated solutions 
lose a considerable amount of the gas on heating. 
The acid is easily formed from chlorides by heat- 
ing them with sulphuric acid. It is made com- 
mercially from common salt in this way : 

■ 3NaCI + H„SO, = Na^O, + 2HCI. 

The normal chlorides are all easily soluble in 
water, with the exception of silver, lead, mercuroua 
and cupious chlorides, Bismuth and antimony 
chlorides require the presence of some free acid 
to hold them in solution. 

Chlorine occurs in nature principally as sodium 
chloride (common salt), either in the form of rock 
salt or, dissolved in water, as aea-water. It is also 
found to some extent as potassium and magnesium 
llorides (Stassfnrth deposits). 
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Silver Cliloride. — HydrocMoiic acid and almoi 
all cliloridea, even in exceedingly weak solutiom 
give with silver nitrate a white precipitate 
silver chloride, which changes to a violet or bla( 
color on exposure to light. For solubilities, etc, & 
precipitate, see silver chloride, under head of Silvei 

Mercuroi/s ami Lea/1 CMorvles. — Solutions ( 
either mereurous or lead salts are precipitated bjg 
hydrochloric acid or soluble chlorides, as alreadjfl 
given under those metals. 

Kvoliition of ChloHne.—li hydrochloric aei 
be beateil with luanganese dio-icide or lead dioxide," 
clilorine is evolved (a), which is easily recognized 
by its yellowish-green color, its odor, and bleac-h- 
ing action on vegetable colore. If a piece of mi'ist 
litmus paper is held in the fumes the color wiil 
be destroyed. In the case of chlorides some 
etrong sulphuric acid must be added as well as 
the dioxide (Ji). 

Chlorides heated with manganese or lead diox- 
ides and acetic acid do not evolve chlorine. 

(a) MnO, + 4HC1 - CL + MnCl^ + 2H,0 • 
{b) 2NaCl + MnO, + 3H,S0^ 

= Cl, + SNaHSO, + MnSO, + 2H,0. 
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Free hydrochloric acid alone or in presence of 
chlorides is easily detected by simply heating the 
solution with manganese dioxide, when chlorine 
is evolved as in reaction (a). * 

CJiromio Oxychloride {GrO^Cl.^, — If a dry 
chloride be mixed with potassium dichromate and 
placed in a small flask or test-tube, and some con- 
centrated sulphuric acid added and the mixture 
gently heated, chromic oxychloride or chromyl 
chloride (also called chloro-chromic acid) will be 
liberated as a reddish-brown gas that condenses on 
cooling to a red liquid (a). If the flask or test- 
tube be fitted with a delivery-tube, and the gas 
passed into ammonia, a yellow solution of ammo- 
nium chromate is obtained (J). On acidifying 
this solution with acetic acid, and adding a drop 
or two of lead acetate, a yellow precipitate of lead 
chromate is formed. 

{a) K,Cr A + 4NaCl + 6H,S04 

= 2CrO^Cl2+ 2KHSO4 + 4NaHS04 + 3HoO ; 

(J) CrO.Clg + 4NH4OH 

= (NH,),Cr04 + 2NH4CI + 2HA 

This test is of particular value for determining 
chlorides in the presence of bromides, t\i^ \tAX«t 
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Tbe ^vrygoike vken passed nno amiBOiiia gires 
a e»x4V6s$ «i>>Iiitk4i. Ic^dides widi didnomafe and 
szl^*£:T2i^ir Mii »^ in die sime wmy a$ l]cofliid€s. 

Ih^A^I'A CUoryiei^ — For die dcteedon of 
chl*>niie in the chlorides insohible in water and 
nitric acid, th^v should be fused with Sirdinm 
pjtasedum «.-arix*nate. the fusion extracted with 
water, and the chloride tested fcM- in the filtrate. 

Blo'rpij^ TVxf. — If a salt of phosphorus bead 
be &itarate«i with cupric oxide, and then a small 
quantity of any substance containing a chloride 
be adde^l, and the substance heateJ in the redu- 
cing flame, the flame will be colored blna 

HYDROBROMIC ACID (HBr). 

Bromine is a heavy, dark-red liquid which boils 
at 63' C. Even at ordinary temperatures it vola- 
tilizes freely, giving off heavy red fumes that are 
exa^e^lingly irritating. 

It i» more soluVjle in water than chlorine (a sat 
urated solution contavws about 3^ of bromine), 
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and easily soluble in ether, chloroform, or carbon 
disulphide. If an aqueous solution of bromine be 
shaken with one of the substances just mentioned 
they will extract the bromine from the water solu- 
tion, the latter becoming colorless, and the ether 
or disulphide appears of a red or yellow color. 
Bromine, like chlorine, is a strong bleaching and 
oxidizing agent, and the reactions are similar. 

Hydrobromic acid at ordinary temperatures is a 
colorless gas, very soluble in water. 

The acid itself or its aqueous solution decom- 
poses slowly in presence of air, bromine being lib- 
erated, which colors the solution red or yellow. 

Bromides are only found in small quantities. 
They are contained in sea- water, and in many salt 
springs. 

In chemical properties the bromides resemble 
the corresponding chlorides veiy closely. 

Silver Bromide, — ^As already stated under the 
reactions for silver, bromides or hydrobromic 
acid precipitate silver salts as bromide, insoluble 
in nitric acid. For further properties of the 
pi'ecipitate, see silver bromide, under head of 
'' Silver." 

lAberation of Free Bromine. — Hydrobromic 
acid and all bromides except silver bromide are 
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decompose!.! by heating with nitnc acid, bromine 
being set fi'ee : 
6KBr + 8HNO3 = 3Bi-, + eKNO^ + 2N0 + 4H,0. 
Chlorine either as gas or in Bolutiou decomposeB 
bromides, liberating bromine. 

Alkaline hypochlorites as sodium hypocblonte 
(NaClO) effect the same reaction if added to solu- 
tions slightly acid with hydrochloric acid. The 
addition of either reagent miist be made with care, 
as an excess of it converts the bromine into color- 
less bromine chloride. If before liberating the 
bromine a few drops of carbon disulphide or 
chloroform be added to the solution, and then the 
chlorine watei' or hypochloiite and the mixture be 
gently shaken, the bromine is all taken up by the 
disulphide or chloroform, which now shows a red 
or yellow color. 

It is always advisable to test the reagents by 
making a blank test (i. e., making a test in the 
same way, except that pure water is substituted 
the solution to be tested for bromine), to 
ey give any color with the carbon disulphide. 
•Id any color appear, either new reagents 
' used or the color obtained in the blank 
be compared with that given by the 
er examination. 
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Bromides with manganese or lead dioxides and 
sulphuric acid give the same reactions as chlorides^, 
the only difference being that a more dilute solu- 
tion of sulphuric acid can be used than with the 
latter. 

With manganese dioxide and acetic acid bro- 
mides are not decomposed, but with lead dioxide 
and acetic acid bromine is liberated (a distinction 
from chlorides). 

Action on Starch. — If a bromide be mixed with 
manganese dioxide and sulphuric acid in a small 
beaker, and the latter covered with a watch-glass, 
having a strip of paper attached to the under side 
which has been moistened with starch-paste and 
sprinkled with starch powder, on heating the mix- 
ture gently the liberated bromine colors the starch- 
paste yellow. 

Insoluble Bromides, — Bromides insoluble in 
nitric acid are fused with sodium potassium car- 
bonate, and the fused mass treated in the same 
way as for chlorides. 

Blowpipe Test — Bromides when heated in re- 
ducing flame in a salt of phosphorus bead which 
has been saturated with cupric give a blue flame 
inclining to green. 
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HYDRIODIC ACID (HI). 

Iodine generally occurs in the form of black 
crystalline scales having a decided lustre. It 
fuses at 115° C, and boils at 200° C. (Stas), 
with evolution of violet fumes which con- 
dense in a crystalline form. It is only 
very slightly soluble in water, but dissolves 
easily in alc^ohol, ether, chloroform, carbon disul- 
phide, and in aqueous solution of iodides. The 
solutions in chloroform and carbon disulphide 
are violet, the others brown or reddish-brown. 

Certain reducing agents as thiosulphates (a) 
and sulphites (i), dissolve free iodine, yielding 
colorless solutions. 

21 + 2Na,S,03 = 2NaI + Na^Oe (sodium tetra- 
thionate); 

21 + Na^SOa + HgO = 2HI + Na,S04. 

Starch-paste, even with minute traces of 
iodine, gives a beautiful blue color. 

Iodine has only very weak bleaching properties; 
the action on litmus and other vegetable colors is 
very slow. It stains the skin brown. 

Hydriodic acid is a colorless gas at ordinaiy 
temperatures, and is very ^oVwVA^m water, giving 
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a colorless solution. This solution soon turns 
brown, owing to the gradual decomposition of the 
hydriodic acid, iodine being liberated and dis- 
solving in the remaining acid. 

Iodides. — ^Iodides in many ways con'espond to 
the chlorides and bromides, but more of them are 
insoluble in water, and generally these insoluble 
compounds are soluble in excess of the iodide, 
forming double iodides. 

Silver Iodide. — Soluble iodides give with solu- 
tion of silver nitrate a yellow precipitate of silver 
iodide. The precipitate is soluble in excess of the 
iodide, forming a double iodide (KI.AgI). It is 
insoluble in dilute nitric acid, and almost insoluble 
in dilute ammonia. Soluble in thiosulphate and 
potassium cyanide. 

Mercurous and Lead Iodides. — These have 
already been described under their respective 
metals. 

Cu/prou8 Iodide. — Sulphate of copper precipi- 
tates soluble iodides as white cuprous iodide, free 
iodine being liberated at the same time {a). In 
presence of reducing agents, as ferrous sulphate 
(5) or sulphurous acid (^), no free iodine is 
formed. Addition of ammonia assists the precipi- 
tation. 
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(«) 4KI + 2CuSO, = Cu,l2 + Ij + 2K2S04; 

(b) 2KI + 2CUSO4 + 2FeS04 

= Cu^ + Fe,(S04)8 + K,SO, ; 

(c) 4KI + 2CUSO4 + SO, + 2H2O 

= CuJs + 2K2SO4 + H2SO4 + 2HL 

Chlorides and bromides are not precipitated by 
these reagents. 

Liberation of Free Iodine. — ^The most delicate 
and characteristic tests for iodides depend on the 
liberation of free iodine, the presence of the iodine 
being then made evident by suitable means. 
Iodides are decomposed by many different re- 
agents, iodine being set free in the reaction, such 
as concentrated sulphuric or nitric acids, nitrous 
acid even in dilute solution, chlorine, bromine, etc. 

If a solution containing an iodide, even in ex- 
tremely minute quantity, be acidified with a few 
drops of dilute sulphuric acid, then some starch- 
paste* added, and finally a couple of drops of 



* Starch- paste is made by mixing one part of starch with about 
100 parts of cold water and then heating until a solution is ob- 
tained that is almost clear. This solution should be freshly pre- 
pared for each experiment. 
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^^lOtassium nitrite, tbe solution will become blue, 
or if only traces of iodine are present, a reddish- 
violet. Tlie test should always be made in a cold 
solution, aa heat destroys the color. Chlorine 
may also be used for this test, but is not so well 
suited for it, as an excess bleaches the color. 

Another very delicate test for iodine is made 
by adding to the solution to be tested a few 
di'ops of eliloroform or carbon disulphide, and 
then veiy carefully, drop at a time, a solution of 
chlorine water or a hypochlorite; on shaking the 
mixture the liberatetl iodine dissolves in the chlo- 
roform or carbon disulphide with a beautiful 
violet or purple color. 

Other reagents that liberate iodine may be 
used for this test, such aa nitrite and sulphuric 
acid. When chlorine or hypochlorite is used the 
reagent must be added carefully, since an excess 
of the reagent forms colorless iodine chloride. 

If iodides are heated with ferric sulphate or 
chloride, iodine ia set free : 

12KI + Fe,(SO,)a =X-\- 2FeS0, + K^O, . 
This may be used as a separation fi'oui chlo- 
les and bromides. 
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sulphuric or acetic acids, and with potassium di-* 
chi-omate and dilute sulphuric acids, iodine is set 
free, and, unless in very small quantity, may b© 
recognized by its violet color. 

Iiisohihle Iodides. — Iodides insoluble in acid 
are fused with sodium potassium carbonate and 
the fusion treated as already given for bromides 
or chlorides. 

Jilowpipe Test. — Iodides when fused in tbo 
reducing flame in a salt of phosphorus bead satu- 
I'ated with cupric oxide give a green flame. 

HYDROCYANIC ACID (HCN or HCy). 

Cyanogen (C^N.,) is a colorless gas, having i 
characteristic odor, and \\'hen lighted burns with: 
a violet flame. It may be prepared by the igni- 
tion of silver or mercuric cyanide. 

Hydrocyanic acid is a colorless, volatile liquid; 
boiling at 27° C, and having a very characteristil! 
odor, resembling that of bitter almonds. 

It is soluble in i\ater and alcohol in all propoft 
tions, but these solutions soon undergo decont 
position if concentrated ; in dilute solution it is 
more stable. 

Hydrocyanic or pi'ussic acid is one of the most 
poisonous substances known. The solulile cya- 
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'ifiides are also exceedingly [wisonoug, and great 
cai'e must be taken in handling them. The C3'a- 
nides of the alkalies and alkaline earths are solu- 
ble in water, and the solutions obtained ai'e 
decomposed by acids, even by cai-bonic acid. AH 
cyanides are decomposed by evaporating with 
concentrated aulphui-ic acid. 

Potassium and sodium cyanides are valuable 
reducing agents. They can be fused without de- 
composition if air be excluded ; but when fused 
"with substances capable of yielding oxygen, such 
as metallic oxides, they reduce these and ai-e con- 
verted into cyanate (a). Sulphides are reduced 
in the same way, yielding thiocyanate (i) : 



SnO^ + 2IvCN = Sn + 2KCN0 ; 
PbS + KCN - Pb + KCNS. 



tThe cyanides of the heavy metals are all decern- 
tsed on ignition, yielding either the metal or a 
carbide of the metal. 

Cyanides combine with the bases to form dif- 
ferent classes of compounds — as the simple cya- 
nides (as KCN), double cyanides (as AgCN,KCN), 
td compound cyanides (as K^FeCyj or KgCo^Cyia). 
The simple cyanides (if) have a great tendency 
combine and form soluble double cyanidea <,&Y 
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from which solutions tbey are reprecipitated i 
acidifying with acid (c) : 

(ff) Co(NOa)» + 2KCy = CoCy^ + 2KNO3 ; 

(b) CoCy» + 4KCy = CoC^i4K:Cy; 

(c) CoCyj,-iKCy + 4HC1 = CoCy, + 4KC1 + 4HG^ 

In a compound cyanide the cyanogen is coi 
bined with the metal in such a way that the t' 
act as if they were a simple element (such a com* 
binatioii is called a compound radical), and the 
metal no longer acts as it does in simple soliitione 
for example, the iron in potassium feiTocyanw 
no longer gives the ordinary reactions of i 
metal, and, indeed, we use this very splntion as 
reagent to test for iron. 

These compound cyanides on addition of dilute 
acids give no precipitate of a cyanide, aa the double 
cyanides do. On evaporation with strong sul- 
phuric acid, however, they are decomposed into 
hydrocyanic acid and metallic sulphate, which r* 
mains as a residue. 

Smjyie Cyanides. — Silver nitrate added to 
solution of hydrocyanic acid or a soluble cyanid« 
gives a white precipitate of silver cyanide (a) 
which is easily soluble in potassium cyanide, fon» 
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ing double cyauide (i) ; it is also soluble in am- 
mouia; insoluble in dilute nitric acid. On boil- 
ing with strong hydrocbloi'ic acid it is decomposed 
into silver cblonde and hydrocyanic acid : 



(a) KCN + AgNO, = AgCN + KNO3 ; 

(J) AgCN + KCN = a5cN,KCN. . 



^!• 
Silver cyanide on ignition is decomposed, yield- 
g metallic silver, cyanogen, and some silver para- 
anide. 
Formation of Fevrooyanvh. — If to a solution 
containing hydrocyanic acid or a cyanide a mix- 
ture of ferroua and feme (a drop or two only of 
the feme is required) salt be added, then suffi- 
cient sodium or potassiujn hydrate to mate the 
solution alkaline, and the mixture gently heated, 
the cyanide is changed to ferrocyanide, and ou 
acidifying the solution a blue precipitate of Prus- 
sian blue is obtained ; 

6KCN 4- FeSO, = K,Fe(CN)a + K.SO,. 

► Formation of Thiocyanogen (Siilplwcyanogeri). 
^Another very delicate test for hydrocyanic acid 
■ cyanides is made by adding to the solution a 
few drops of ammonia and a little strong ammo- 
Bium sulpliidt" (polysul[iliide) avid eva\>oT;ftNA\\^\.o 
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dryness at a gentle heat (best on water-bath' 
The residue, which now contains tbiooyanate, 
made acid with hydrochloric acid and a drop 
fenic chloride added, when the well-kno^vn bloi 
red color of ferric tbiocjauate appears : 

KCN + (NH^aS, = KCNS + (NH^XS^.i. 

The evaporation to di-yness decomposes the e 
cess of ammonium sulphide, so that the residue i 
free from that compound. AVhen making this tet 
it is well to add the hydrochloric acid in moderat 
excess, othenvise acetates, phosphates, etc., if pr< 
ent, will inteiiere with the reaction. 

Hydroferrocyanic Acid {H^Fe{CN\).—Th^ 
acid is a colorless, crystalline solid, easily soluble 
in water. The feiTocyanides of the alkalies ant 
alkaline earths are soluble in water, most of th 
others insoluble. 

The insoluble compounds are easily broiigh 
into solution by boiling with sodium orpota; 
hydrates, the metal with which they were coDt 
bined, if its hydrate is insoluble iu the alk 
being left as a residue. 

Fe,(Fe(CN),).+ 12K0H 

= 2Fe,(0H), + 3K,Fe(CN), 
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If the metallic hydroxide is soluble io alkali 
(as Zu(OH),,,Ph(OH)„ eto.) it also goes iiito aolu- 
tiou, and must be precipitated from the alkaline 
liquid by H^S. All ferrocyanides, as already 
stated, are decomposed by evaporation with 
strong sulphuric acid. Fusion with sodium or 
potassium nitrate effects the same result. 

Silver Ferrocyanide. — Nitrate of silver gives 
■with ferrocyanides a white precipitate of silver 
ferrocyanide (AgjFe(CN)6), insoluble in nitric 
acid and ammonia, soluble in potassium cyanide. 

The most characteiistic test for ferrocyanides 
is made by adding to the slightly acid solution a 
few drops of a ferric salt, when, if ferrocyanides 
are present, a deep-blue precipitate (Prussian 
blue) will be formed. 

Cupric salts also give a characteristic red pre- 
cipitate. 

Hydrqfern€tianic Acid {H^Fei{CN)^^. — 
Many of the ferricyanides are soluble in water, 
and all are decomposed in the same manner as 
the ferrocyanides. 

Nitrate of silver gives an orange-colored pre- 
cipitate of silver feiTicyanide (AgfiFei(CN),a), 
insoluble in nitric acid, soluble in ammonia, and 
potassium cyanide. 
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Fernc salts give no precipitate, but feiroM 
give a deep-blue precipitate of fen'ous ferricyan- 
ide (FeaFe.(CN),a). This test ia characteiistic 
aud exceedingly delicate. 

Tfiiocyanic Acid (^Hiidfostdphocyanic). — Thio- 
cyanic acid or thiocyaiiates (sulphocyanides) ar® 
readily detected by the blood-red color given \sf 
fenic salts in hydrochloric-acid solution^ 

HYDROSULPHURIC ACID tH,S). 

Sulphur at common temperatures is a solid 
body, generally of a yellow color, but precipitated 
sulphur is white. It is insoluble in wateJ .ind 
alcohol, soluble in benzol, petroleum, and caiv 
bon disulphide, the latter yubstauce beiuE 
best solvent. Amorphous sulphur is generally 
insoluble in the disulphide. There is also a col- 
loidal modification that is soluble in water. Sul^ 
phur fuses at 115° C. and boils at 444° C. 

When heated in the air it bums with a bluish! 
flame to sulphur dioxide, the latter being recog< 
nized by its well-known and characteristic odor. 
Strong oxidizing agents, as concentrated uitrid 
acid, aqua regia, hydrochlciric acid, and potassium 
chlorate, etc., with the aid of heat, dissolve sulphur 
gradaaWyf foiming aulplmviu^ aeld. Potassium and 
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'sodium hydrates dissolve it, on heating, to a yellow 
liquid containing sulphiile and thiosulphate, 
Sulphur is often found in the free state in connec- 
tion with deposits of gypsum and rock salt, and 
in the vicinity of volcanic; cratei-a. Sicily furnishes 
a large propoition of the world's supply. 

Free sulphur in a substance can generally be 
easily detected by igniting it in the air, when it 
buras with a blue flame and the characteristic 
odor of sulphur dioxide. The test is best made 
by heating the mixture in a glass tube open at 
both ends, the tube being held in a slanting posi- 
tion and the heat applied to the part where the 
substance rests. 

If heated iu a tube closed at oue end the sul- 
phur volatilizes as yellowish-brown vapoi-s that 
condense in the upper, cold portion of the tube 
to brown drops, turning yellow on cooling. 

HydroaulphmuG Acid or Hydrogefi Sulphide 
at common temperatures and pressure is a color- 
less, poisonous gas, having the odor of rotten eggs. 
It is easily inflammable, burning to sulphur diox- 
ide and water. 

It is soluble in water, but the solution is not 
stable. For this reason, when used as a pi-ecipi- 
tating agent it should be freshly made. It is 
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generally obtuined by the action of acids OM 
metallic sulphides (usually ferrous sulphide). 

FeS + 2HCl = FeCl, + 5s. 

SulphiiJes.— The sulphides of the heavy metaJ| 
are found very widely distributed in natui'e, am 
form many of the most valuable ores. The 
phides of the alkalies and alkaline earths are the 
only ones soluble in water. These and the sul- 
phides of iron, zinc, and manganese are deconi'- 
posed by cold dilute mineral acids, with evolutli 
of hydrosulphuric acid. 

Of the other sulphides, some are soluble in hot, 
strong liydrochloric acid ; othera require nitric 
acid or aqua regia (i.e., chlonne). 

When nitric acid or mixtures yielding chlorine 
are used, hydrosulphuric acid is not liberated, but 
sulphur is set free (a and b'), and frequently the 
action goea further, the sulphur being oxidized to 
sulphuric acid (c and d) : 

(a) .-iAg.S -I- SHNO, 

= GAgNOa + 3S + 4H„0 + 2N0 

(b) HgS+Cl, = ngCl, + S; 

(c) 3PbS+8HNO,(bot and cone.) 

= 3PbS0^4 8N0 + 4H„< 
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{d) S + 3C1, + 4H2O = H2SO4 + 6HCL 

Detection of HydrosulpJiuric Acid. — When in 
the gaseous state or in solution this acid is easily 
recognized by its odor, or by bringing the acid in 
contact with lead or silver salts, when black pre- 
cipitates of sulphide are formed. A convenient 
way of making the test is to hold in the gas 
a piece of filter-paper that has been moistened 
with lead acetate and then made alkaline by 
the addition of a drop or two of ammonia; 
if HgS is present, even in minute quantity, the 
paper shows a brown or black lustrous film of 
lead sulphide. Sulphides decomposed by hydro- 
chloric acid are tested in the same manner, by 
placing them in a test-tube with the acid and 
heating, a piece of paper moistened with lead 
acetate and ammonia being held at the mouth of 
the tube. 

Sulphides decomposed with difiSculty by hydro- 
chloric acid, if treated in a small flask or test-tube 
with hydrochloric acid and finely divided iron 
free from sulphur (ferrum alcoholisatum), evolve 
H2S along with the hydrogen liberated by the 
action of the acid on the iron. If the flask or tube 
has been loosely corked, and a piece of acetate of 
lead paper fastened to the under side of the cork, 
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the paper will be turued black or bfown by the 
suljiiiide. Realgar, orjtinieiit, aud molybdenite 
are oot decomposed. 

To detect sulphide iu presence of free alkali or 
alkaline carbonate, a solution of lead hydroxide in 
Bodiitm or jwtassium hydrate (made by adding the 
alkaline liydrate in excess to a soluble lead salt) ia 
added, when even a trace of sulphide gives a black 
or brown precipitate ; or if the amount is very 
minute, simply a brown color (1 part of lead in 
1,000,000 parts of water may be detected in this 
way). 

Sodium nitroprusside 

(Na,Fe,(CN),o(NO)„2H,0) 

added to alkaline solutions is also a reiy delicate 
test for sulphides, giving a reddish-violet tint to 
the solution. 

Sidphiiles insohihJe in acids should be fused 
with sodium or potassiuiu hydrate in a silver or 
nickel crucible. A soluble sulphide of tbe alkali 
_ ia formed that can be tested by any of the 
^V ods just given, or, what is simpler, the fused 
H placed on a piece of bright silver and 

^ vith water, ivhen the silver is turned 

^^^^1 ilpliide present. 
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Oxidation to Sulphate. If a sulphide be fused 
with sodium potassium carbonate and an oxidiz- 
ing agent, as sodium nitrate or potassium chlorate, 
the sulphide is oxidized to sulphate. The fused 
mass is then digested with water and filtered, and 
the filtrate tested for sulphuric acid. This test 
is, of course, only conclusive in the absence of 
sulphates and all other substances containing 
sulphur (except sulphides), for all on fusion in 
this way yield sulphates. 

Blowpipe Test — If a sulphide be heated in a 
glass tube open at both ends, in the same way as 
given for free sulphur, sulphur dioxide will be 
given off, and may be recognized by its odor. 
Also, if heated in oxidizing flame of the blow* 
pipe, sulphides yield sulphur dioxide. 
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NEW YC;iK l^iTY 
THIRD GJROUP OF ACIDS. 




Acids which are not precipitated by eith^^ 
barium chloride or silver nitrate — viz., nitric aci- 
and chloric acid. 

The chief characteristic of this group is that a^^ 
the nitrates and chlorates are soluble in water, witl 
the exception of a few basic nitrates. 



NITRIC ACID (HNO.). 

Nitrogen combines in five different proportions ^ 
with oxygen — viz., N.^0, — NgO.^ or NO, — N^Oj, — " 
N2O4 or NO,. The N20,N203 and NA unite with 

water to form the acids — hyponitrous (HNO), 
nitrous (HNOg), and nitric acid (HNOg). 

Nitric acid is the only one of common occur- 
rence, so we will only consider its reactions. 

The pentoxide (NjjOs) is a colorless substance, 
crystallizing in six-sided prisms, which melts at 
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30° C. It dissolves in water, with evolution of 
much heat, forming nitric acid : 

NA + H,0 = 2HN03. 

Nitric acid is a colorless (when free from lower 
oxides of nitrogen), fuming liquid, very corrosive, 
and acting powerfully on organic tissues. It boils 
at 86"" C, and its specific gravity is 1.52. It is a 
strong oxidizing agent, and is a solvent for many 
metals, in the latter case generally giving off nitric 
oxide (NO). 

Nascent hydrogen in alkaline solution reduces 
nitric acid to ammonia : 

KNO3 + 8H - KOH + NH,OH + H^O. 

On ignition all nitrates are decomposed, leaving 
a residue of oxide of the metal. 

Commercially, nitric acid is made by heating 
sodium nitrate (Chili saltpetre) with strong sul- 
phuric acid : 

2NaN03 + H2SO4 = Na^S04 + 2HNO3. 

Since nitric acid forms no insoluble compounds 
with any of the metals, we are obliged to make 
use of other reactions for its detection. Its oxi- 
dation reactions afford an easy means of recogniz- 
ing it. 
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Action on Copper. — If a nitrate be heated wi1 
metallic copper acd concentrated suljihuric acid 
(the latter is added to liberate the nitric acid) 
a test-tube, the tube becomes tilled with reddisl 
brown fumes of nitrogen peroxide, foi'med by 
oxidation of the nitric oxide; 

3Ca + 8HNO3 = 3Cu(N03)a + 2N0 -(- 4H,0 jj 

2N0 + O^ = 2N0, (reddish-brown fumes). 

Action on Fefrovs Salts. — If a solution 
nitrate is mixed with an equal volume of concd 
trated sulphuric acid, and after the mixture hA 
heen cooled a little ferrous sulphate be poun 
very carefully down the aide of the tube, so thq 
the two solutions do not mix, a brown ring t 
form at the junction of the two liquids. In mafc* 
ing this test it is advisable to have the solutious 
concentrated. On heating, the brown color dis- 
appears : 

2KNO3 + 4H,S0, + 1 OFeSO^ 
=2(FeS04),NO + 3Fe,(SO,)3 + K,SO, + 4H,Q 

(Brown rlDg ) I 

It will be seen fi'om the equation that a part Q 
the ferrous salt is oxidized, and that another j 
tion combines with the nitric oxide liberatt 
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by the reaction to form the brown compound 
(FeS04)2NO. It may perhaps make the action 
plainer to write the equation in two stages, thus : 

SKNOa + 6FeS04 + 4H2SO4 

= 3Fe,(S04)8 + 2N0 + K^SO^ + 4H2O ; 

4FeS04 + 2N0 = 2(FeS04)2NO. 

Action on Indigo. — A little hydrochloric acid 
is boiled in a test-tube for a few moments, then a 
drop or two of indigo in sulphuric acid is added, 
and the solution again boiled ; the solution will re- 
main blue if the hydrochloric acid was free from 
chlorine. If a solution containing nitric acid or a 
nitrate is now added, and the solution again boiled, 
the blue color disappears. The action is due to the 
liberation of chlorine, which reacts on the indigo. 
For this reason, any substance yielding chlorine 
(as chlorate) will give the same reaction. In a 
negative way the test is very useful, for although 
the bleaching of the solution is not conclusive for 
nitrates, still if the color is not destroyed we know 
that nitrates (also chlorates) are not present. 

Action on Phenol. — A test that is well suited 
to the detection of nitrates when present only in 
minute quantities (as in well-water, etc.) is made 
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liy adding two or three di-ops of a mixture 
part phfHol (carbolic acid), four jiai-ta of concen- 
trated sulpliuiic acid, and two parts of water to a 
solid nitiate. A reddish-bixiwu color is jiiodiiced, 
wliich clmngt-s to yellow on the addition of a 
few drops of ammoTiia. The color is due to the 
formation of a iiitro compound with the phenol. 
(CaH,(NO,)aOH, picric acid.) 

When it is desired to teat a solution for nitrate 
in this way the solution, which must be neutral 
or alkaline, is evaporj^ted to dryness in a porcelain 
dish and the mixture of phenol, etc., added to the 
residue. Clilorates, if present, must be removed by 
ignition before making this teat, as they give much 
the same color. 

Nitrates cause deflagration if heated to a dull 
red with charcoal or organic matter, such as paper. 
The deflagration is caused by the oxidation of the 
eai'bon by the oxygen of the nitrate, 

^ee nitric acid may be detected by adding to 
the solution a few quill-cuttings and evaporating 
to dryness in a porcelain dish or beaker on the 
water- bath. 

If any free nitric acid ia present the quills will 
be turned yellow. 
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^^^^ CHLORIC ACID (HCIO,). 

^P Chlorine forms four acids with oxygen — viz., 
hypochlorous acid ' (HCIO), chloi'ous acid 
(HCIO,), chloric acid (HCIO,), and perchloric 
acid (HClOi). Hypocbloroiis and chloric acids 
are fi'equently met with, the first in the form 
of bleach ing-powder, also as Javelle water 
(NaClO), the latter as potassium chlorate. 

Hypochhritea act as strong bleaching agents, 
especially in acid solutions, due to the liberation 
of chlorine. 

Solutions of hypochlorites are decomposed on 
"boiling into chloride and chlorate. 

Hypochlorites may be detected by their bleach- 
ing action on litmus paper, even in alkaline 
solutions, and by shaking their solutions with 
meroury the latter is changed to the yellow or 
red oxide. Chlorine under the same conditions 
gives mercurous chloride, white, and chlorates in 
neutral or alkaline solution do not attack mer- 
cury. With manganese salts hypochlorites give 
a brownish-black precipitate of hydrated manga- 
nese dioxide, and with silver nitrate they give a 
precipitate of silver chloride. 

^m The chlorates are all soluble m "w^let. O-o. 
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ignition tbey yield oxygen, or, in some 
oxygen and chlorine; in tbe flret case the residue 
left ia a cblonde, in the latter an oxide. This 
action is employed in the production of osygea 
from potassium chlorate: 

2KC103 = 2KCl-f30a. 

Heated with organic matter, tlse chlorates cause 
deflagration acting much more strongly tlian the 
nitrates. A mixtm-e of potassium cLloi-ate and 
nitric acid forms a very powei-fiil oxidizing agent. 

Hydrochloric acid decomposes chlorates, jaeld; 
ing chlorine and oxides of chlorine, the actiOT 
varying with the conditions. If the chlorate 
present is not in too small quantity, the test-tub6 
in which the experiment is made is filled with I 
yellowiah-green gas of a very peculiar and dis- 
agreeable odor, £ind the solution as well becomes 
yellow. Solution of indigo is quickly bleached _ 
by it. 

S'dphuric acid also decomposes chlorates inte 
perchloric acid and chlorine tetroxide: 
6KC103 + 3H,S04 

= 2C1 A + SIICIO, + 3K,S0, + 2 

If a few drops of concentrated sulphuric acid 
are placed in a small eva^ioratini^-dish, and a vet 
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synall quantity of chlorate added to it, the sul- 
phuric acid assumes an intense yellow color, due 
to the chlorine tetroxide. 

No heat should be used in this test, and only a 
small amount of the chlorate, otherwise a danger- 
ous explosion may result. 

If to the yellow solution just mentioned a drop 
of an aqueous solution of aniline sulphate be 
added, and then a few drops of water, a deep- 
blue color is produced (distinctive from nitric 
acid). 

Indigo in Presence of Sulphite. — If a solution 
containing chlorate be colored light-blue with a 
drop or two of indigo in sulphuric acid, the solu- 
tion made slightly acid with sulphuric acid, and 
sodium sulphite added drop at a time, the blue 
color of the indigo is at once destroyed, due to 
the sulphurous acid reducing the chloric acid and 
liberating chlorine or oxides of chlorine. 
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SOLUBILITIES. 



Name of Salt 



Carbonates 
Sulphates 

Sulphites 

Sulphides 

Nitrates 
Nitrites 

Chlorides 

Chlorates 
Hypochlorites 

Iodides 
Fluorides 



Phosphates ) 
(Ortho) r 



2 

Soluble in Water. 



Alkaline carbonates 

( All sulphates except 
( those in 4 

( Alkaline sulphites 
< and acid sulphites 
( of alkaline earths 



I Sulphides of the al 
•< kalies and alkaline 
{ earths 

j All except some 
( basic nitrates 



8 

Soluble or I>ecom- 
posed by Acids. 



All 

All except those 
given in 4 

All sulphites are 
decomposed by 
acids, yielding 
(SOa) 

All: some by HCl, 
HjS evol. ; others 
by HNO, or aq. 
reg. S. separating 

AU 



Silicates 



Acetates 



Oxalates 



Tartrates 

Citrates 

Arsenites and 
Arsenates 



Chromates 



All 

3 All except those 
( given in 4 

All 

All 

fAll except Pbl«, 
J Hgia, Bil„ Cuala 
] and those given in 
I 4. 

( Those of the alkalies 
■J and a few others : 
( AgF.HgFa 



Those of the alkalies 



( Potassic and sodic 
< silicates (not na- 
( tive) 

All normal 

f Those of the alkalies 
J and Cr and Sn»^ 

(Mg and Fe*^ spar 

ingly) 



All except those 
given in 4 



Insoluble in 
Water and Acids. 



BaS04 , SrS04 . 
CaSO* , PbSO* 



AgCl,PbCla.HgaCla 
(Hg-CIa soK in 
HNO, or CI) 



/ 






j Normal alkaline tar- 
( trates 

Alkaline citrates 

I Those of the alkalies 

( Those of the alkalies 
•< and Sr, Ca, Mg, Zn, 
f Fe", Cu 



All except those 
in 4 



All decomposed by 
strong HaS04 
with few excep- 
tions 

AU 

Many are decom 
posed by acids 
separati ng 
H4Si04 

All 



All 

All 
All 
All 



Agl, He.!,, decom- 
posed Dy CI 



Many native i^ili- 
cates (decom- 
posed by HF) 



All. with a few ex- 
ceptions 



DETECTION OF THE ACIDS. 

"We have now become acquainted with the 
most important of the individual reactions of the 
acids, and the next thing in order is to determine 
some plan for recognizing them either when alone 
or mixed with others. 

The reactions occurring on the addition of hy- 
drochloric and hydrosulphuric acids in the separa- 
tion of the bases should always be carefully noted, 
as the presence of certain acids will be revealed on 
the addition of these reagents. 

If the addition of hydrochloric acid causes an 
evolution of gas, one or all of the following acids 
may be present — carbonic, sulphurous, or hydro- 
sulphuric acids. The first is indicated by being 
odorless and giving a white precipitate with lime 
or baryta water ; the others, by their odor and the 
action of hydrosulphuric acid on acetate-of-lead 
paper. Hydrocyanic acid, if present, would also 
be liberated at this point, and might be recognized 
by its odor and by confinnatory tests. If the 
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original substance is a solid the same remarks ap. 
ply to the operation of dissolving it in acids. 

The color of the original solution and the ac- 
tion of hydrosulphuric acid show whether chromic 
acid is present or not. If the solution is red or 
yellow at first, and after addition of the hydro- 
sulphuric acid changes to a bluish green, chromic 
acid is present. 

It is not possible to make any scheme for the 
separation of the acids, similar to those used for 
the bases, but in the one given on the following 
pages I have endeavored to systematize the sepa- 
rations as much as possible. 



4 white Ertttj 
powder = SIO,. 

Test wllh meta 
phuspliate bead. 
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SCHEME.— ACIDS. 

iD the Mdu^DD caDtainlne the addfl. wllb excess oC KBaOO.: filter hi 
(Notfll.) 

ContBlDB bases aad perhaps sillcalea, phosphates, and QuaridEs. 
Acidify with HC,H,0„ aod fil 



Add (NH.),Mo,0„ 

a vellow 

tatlLio pp 
H,PO,. 



cording to method 



Contains the u 



HNO, to faiiillb 
H untirsligbtly alki 



chloric add is 



■ bulk, cnol nod 
oonc. H,80,. 
r HNO, with 
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SCHEME. —Concluded, 



If Group 1** has been found by test on part la, take the remaiDder of this 

solution and divide into four parts : 



1°. 

Acidify with HCI, 
and test for HsBOg 
with turmeric 
paper. A red 
color := HjBOs. 
(Note 6.) Evapo- 
rate the same so- 
lution to dryness, 
and take up resi- 
due with a little 
HCI and water; a 
white insol. resi- 
due = SiOj. (Note 
6.) 



20. 

Add CaCla and 
a little NH4OH; 
filter ppt. if any 
(Note t)\ dry, and 
if SiOa has not 
been found in 2" 
test for HF by 
etching test. If 
SiOg has been 
found, then test as 

§iven for hydro- 
uoric acid in pres- 
ence of silica. 



8». 

Acidify withHNOa. 
add (NH4)«Mo70a«. 
a yellow ppt. = 
H,PO^. If A8,0^ 
has been found 
in the test for 
bases, it should be 
removed by acidi 
fying with HCI. 
passing in H^S 
gas, and filtering 
before testing for 
H,P04. (Note 8.) 



4?. 

I f HsCr04 i s 
present, the solu- 
tion wiU be yellow. 
Confirm by acidify- 
ing with HCjHsO,, 
and adding 
Pb(CaH,Oa)j , a 
yellow ppt. = 
PbCr04. (Note 9.) 



Hq^Os. Test the original solution with HCI; if effervescence, pass the 
gas into lime-water. A white ppt., soluble in HCaHsOg, with effervescence 
proves H3CO3. 



If 2d Group has been found to be present by test of Part 2«, test remainder 
of sohition for acids of this Group as follows : Divide into four parts. 



1. 



Add a little CR^- 
and then a few 
drops of HCI, then 
NaCIO very care- 
fully; the I is set 
free, and colors 
CSa purple : add 
more NaClO very 
carefully, and fi- 
nally the I color 
disappears, and 
the Br is then lib- 
erated and colors 
CS-i brown. (Note 
10.) 



2. 

Acidify with 
HCI. and test with 
FeS04, a blue ppt. 
=H«(FeCye)Q. The 
FeS04 solution 
must be recently 
made. 



3. 

Acidify with HCI 
and add FegCU : 
a blue ppt. = 
H4FeCy«. 



Acid if V slightlv 
with HaS04,and if 
HC.v is present it 
is known by its pe- 
culiar odor. Care 
should betaken not 
to inhale this gas. 

If H4FeCye. or 
He(FeCTe)«. has 
been foiindin 2 and 
3, test for HCy as 
given in note 11. 



HCI. 

When HI.HBr,H4FeCve.HeFeaCy,3 
and HCy have not been found, a white 
curdy ppt. on addition of AgNOs, in- 
sohible in HNO3 , and soluble in NH4- 
OH = HCI. HCI may also be tested 
for by means of HnS(34 and MnOg. If 
HI, HBr, HCy, H4FeCy«. and HeFe,- 
Cyit are present, see Note 12 for de- 
tection of HCI. 



H,S. 

If present, will be found on acidify- 
ing the sodium carbonate solution 
with acid, when HqS will be given off, 
and will turn paper moistened with 
Pb(CoH,Oa), black. H.S is usually 
found in testing for the oases, as it is 
liberated when dissolving the original 
substance. (Note 13.) 
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Note 1. — Since the presence of the heavy- 
metals interferes with many of the tests for acids, 
it is always best to remove them before beginning 
the analysis. If the substance under examination 
is a solution, or a solid that is easily soluble in 
water or acids, they are precipitated by adding 
to the solution or solid substance a slight excess 
of sodium carbonate, heating to boiling, and filter, 
ing. The acids, with the exception of those pre- 
cipitated from acid solutions on neutralization 
(phosphates, etc.), will be in the filtrate as soda 
salts. This and the residue are tested as given in 
the scheme. 

Another way of obtaining the solution for 
analysis is, if the substance is a solid, to extract 
it thoroughly with boiling water and filter. 

The filtrate is boiled with a slight excess of 
sodium carbonate and filtered, and the filtrate 
tested for acids according to the scheme. The 
precipitate contains only the bases, and may be 
rejected. The residue left after extracting the 
original substance with water is dried and fused 
in a platinum crucible, if no reducible metals are 
present, with about four parts of sodium potassium 
carbonate ; the fusion is boiled with water until 
completely disintegrated, and filtered. 
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The flitiate is tested in tbe sanie way as that 
dbtiiined by bulling the oiiginal substance witK 
the oarbaniite. If phosphonc acid is not found 
in the filtrate tbe residue, or a portion of it, should' 
be (Hssolvfd in nitric acid and tested for that acid, 

phosphates of the alkaline earths and alauiina 
are not completely decomposed by fnaion in this' 
way. 

Note 2, — Care must be taken to add only 
enough nitric acid to make the solution slightly 
acid ; it should then be boiled to expel cai'bonic 
acid before adding the ammonia. A precipitate 
sometimes forms at this point (bases soluble in 
excess of hot sodium carbonate) which should be 
filtered off. 

If much nitric acid is used the subsequent ad- 
dition of ammonia will form a considerable quan- 
tity of amm()nium niti'ate, which interferes witl 
the test for borates, fluorides, etc. 

Note 3. — The color of tbe silver precipitat) 
often indicates the presence of certain acids. Foi 
example, if the precipitate is yellow in tbe neutral 
solution and changes to white on the addition oi 
nitric acid, this would show the probable preaeni 
of phosphoric acid (or arsenious), as well as th) 
presence of acids of the second group. Acid: 
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,flie latter group giving strongly colored precipi- 
tates could not be present (iodides, sulphides, and 
ferricyanidea) if the insoluble jxirtion of the pre- 
ipitate was white. 

Note 4. — The test for nitric acid should be de- 
ferred until it has been determined if any of these 
acids are present. 

Chloric acid, if present, ia removed by evaporat- 
ing a portion of the alkaline solution to dryness 
and then igniting it. The residue is dissolved in 
very little water and tested for nitrate with sul- 
phuric acid and ferrous sulphate. Chromates (in- 
dicated by theii' yellow color) ai-e removed by 
making the solution slightly acid with sulphuiic 
acid and adding sodium sulphite; the sulphurous 
acid liberated retluces the ehromate to chromium 
sulphate, which is then precipitated by ammonia, 
and the filtrate after concentration tested foi' nitric 
acid. Hydriodic and hydrobi'omic acids are re- 
moved by precipitation with silver sulphate. 
(Tliis is readily made by dissolving a silver coin 
in a little hot concentrated sulphuric acid and 
after cooling diluting with water.) 

Note 5. — Remember, in making this test, that 
the solution must be acid ^iitb hydrochloric, but 
aot strongly so. 



1 
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Note 6. — Siliai is tint generally met with esr 
cept ill minerala, and if the raiueral is one decom-- 
poaable by acid (except hydrofluorii;) it is readilj^ 
found by evaporating the acid mixture to diynes 
with frequent stirring, at a temperature not ei 
eeeding 110''-115° C. 

The thoroughly dried mass (which yhould giv- 
no odor of acid) is moistened with a little con 
trated hydrochloric acid (if silver or lead 
present use nitiic acid), some water added, and the 
mixture boiled for some time. On filteiing, the 
silica will be left as a white, gritty powder. Sili- 
cates not decomposed by acids are fused with 
sodium potassium cai-bonate, the fusion digested 
with water, then, without filtering, acidified with 
hydrochloric or nitric acid and evaporated to dry- 
ness, and treated as just given for decomposable 
.silicates. 

Note 7. — Of couree, other acids besides hydro- 
fluoric will give a precipitate at this point (phos- 
phoric, sulphuric, etc.), so the mere fact of a 
precipitate foi-ming is no proof of hydr<ffluoric 
acid. It is well to try its solubility in acetic 
acid ; if soluble, no fluoride is present, and no 
further test is necessary. In the case of minerals 
decomposable by sulphuric acid, the test may be 
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made to advantage diiectly on the finely pulver- 
ized substance. 

• Note 8. — If ai^senic acid is present care must 
be taken to remove it completely by passing 
H.^S into the hot solution (70° C.) for at least 
half an hour. The solution should only be 
slightly acid with nitric acid, since the latter in 
strong solution decomposes the H2S. Boil out 
the H.S thoroughly before adding the molyb- 
date. 

Phosphates, unless present in very minute 
quantity, may be tested for with " magnesia mix- 
ture" (MgCh + NH4CI + NH4OH) instead of the 
molybdate. In this case the arsenic, if present, 
must be removed, as before, by acidifying (but 
with HCl) and precipitating with H^S. The 
filtrate is tlien made stroiigly alkaline with 
ammonia and the mai^nesia mixture added. 

Note 9. — When chromates are present in a 
mixture, as already stated, they are reduced by 
HoS when precipitating the metals, and chromium 
will then be found among the bases as well as 
with the acids, although it may only be present in 
the acid form. In such cases, in order to deter- 
mine if basic chromium is present, it should be 
tested for in precipitate A where it will have 
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becQ left by the treatment with sodium car- 
bonate. 

Note 10. — The hypochlorite should be addedJ 
only a drop at a time at first and a weak solution 
used, for if the iodine is present in small qutintity 
any excess of the Iiypochlorite would destroy the^ 
color. When a lai'ge amount of iodine is present,, 
and the carbon disolphide becomes very dai-k is 
color, instead of adding more hypochlorite t^ 
remove the color it 13 a bettei' plan to filter thfl 
solutiou throiigh a wet filter ; the disulphide, with 
its dissolved iodine, remains on the paper, and to 
the filtrate is added fresh cai'bon disulphide, an< 
the test proceeded with as before. For traces of 
iodine it would be better to use the starch test. 

Cyanides, if present, should be removed before 
testing, as they interfere with the liberation of 
the iodine. 

For method of doing this, see Note 12. 

Note 11.— Unless the odor of the hydroeyanie 
acid is so decided as to be unmistakable, it 
better to make the test with ferrous and ferr 
salt, obtaining the precipitate of Prussian blue. 

Or the test with alkaline polysulphide can be 
used, forming thiocyanate. 

In the presence of feiro orferri cyanides tlieae 
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its cannot be used. The simplest method of 
separation iu such cases is to add an excess of 
hydrogen sodium carbonate (bicarbonate) to the 
solution in a flask fitted with a cork and bent 
delivery-tube (or better, connected with a con- 
denser), and boil, passing the vapors over into a 
solution of potassium hydrate. The heating 
should be continueLl until the liquid in the flask 
has nearly all distilled over. The hydrocyanic 
acid of the cyanide is set free in the reaction and 
passes over with the steam into the alkali, form- 
ing potassium cyanide, on which any of the usual 
teats for cyanide can be made. 

Note 12. — The presence of cyanides and ferro- 
and ferncyanides intei-feres with the usual test 
for hydrochloiic, hydrobromic, and hydriodic 
acids, so they must be I'emoved before these acida 
can be tested for. This is done by precipitating 
them all as silver salts, filtenng, drying, and ignit- 
ing the precipitate. The cyanogen compounds ai'e 
all destroyed by this treatment, while the iodide, 
bromide, and chloride of silver are unchanged. 
The ignited residue is then fused with sodium 
potassium carbonate, and the fusion extracted 
with water and filtered. The filtrate contains the 
lacids as sodium iodide, bromide, and chloride. 
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he fiisK^^ 
le water, A 



Another simple way of decomposing the 
silver salts is to cover them with a little 
add a few drops of sulphuric acid and a piece of 
zinc, and allow to stand for some time. The aolu- ' 
tioii will contain the acids as zinc iodide, bromide, 
and chloride, and the residue metallic silver. 

2 AgCl + Zn = 2 Ag + ZnClj. 

Chlorides cannot be tested for in the pres- 
ence of iodides and bromides by the ordi- 
nary methods, and some special method must be 
adopted. There are several different ways of 
accomplishing it, one of the simplest of which is 
the following: Make the solution slightly acid 
with sulphuric acid, add a concentrated eolntion 
of feme sulphate (ammonium ferric sulphate is a 
convenieut form in which to use it), and boil; the 
j iodine is liberated and carried off with the steam. 
As soon as no more iodine is set free (indicated 
I by absence of violet fumes, or by teat with paper 
I moistened with starch-paste giving no blue color) 
\ solution of potassium permanganate is added and 
[ the solution again boiled. If the color of the per- 
nganate disappears, more is to be added, and in 
F fficient quantity to give a violet or purple color 
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to the solution that does not disappear quickly, 
even on boiling. 

The permanganate decomposes the bromide, 
which is evolved as free bromine, and brown ox- 
ide of manganese precipitates. The solution is 
filtered, and the remaining permanganate decom- 
posed by adding a few drops of alcohol, warming, 
and filtering. Silver nitrate is added to the 
filtrate, giving, if chlorides are present, a white^ 
curdy precipitate of silver chloride. 

Another method of detecting chloiides in the 
presence of iodides and bromides is to add to the 
neutral solution lead dioxide and acetic acid and 
boil until no more iodine or bromine is evolved 
and the solution becomes colorless. 

Filter and wash the precipitate with hot water, 
and test in the filtrate for chlorides with silver 
nitrate. 

Note 13. — ^When there is any doubt as to the 
presence of sulphide the surest plan is to fuse 
the finely divided substance with sodium or 
potassium hydrate in a silver or nickel crucible 
and test the fused mass on bright silver. (See 
hydrosulphuric acid.) 



Section III. 

COMPLETE ANALYSIS, INCLUDING THE 

METALS AND ACIDS OF ALL 

THE GROUPS. 



Having completed oiir study of the individi 
reactions of the different bases and acida as well 
as the separation and detection of the members ol 
each group when present together in solution, all 
that now remains to be accomplished is to connt 
these different group- separations into one com 
nected method that will be applicable in almost 
all cases that may arise. 

Before proceeding further it mil be well tcf 
call attention to the fact that success as ai 
analyst will depend on sev^eral things. Rapidit; 
in work can only be attained by neatness ani 
an intelligent use of time. Lack of neatness and 
order not only cause the loss of much valuable 
time, but they are also fruitful sources of error. 
The student should endeavor to make use 
every moment, and for this reason should 
custom himself to carry on several opei'ations al 
the same time. For instance, while filtering 
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groupprecipitate lie can test the first few drops 
of the filtrate to see if the precipitation has been 
complete, and, if so, he can then determine if 
any of the metals of the succeeding gi'oup are 
present. He then knows in just what manner 
to treat the filtrate when it is ready — whether to 
add the reagents for the next group, or, if his tests 
have shown that it is not present, he can go on to 
the precipitation of the remaining groups. Be- 
sides making these tests, he will very likely have 
had time to investigate some other precipitate that 
has already been filtered and washed. Another 
point of special importance is to know exactly 
under what conditions each precipitation should 
be made, and every one should make it a rale, 
which should be rigidly adhered to, never to add 
any reagent itntil he Tcnoivs why it is iLsedy and 
what it is expected to do, No one will ever be a 
good and intelligent analyst who adds a reagent 
simply because his book tells him to do so. He 
must know the reason why, and if he does not, 
he should go no fui-ther until he does know. 

After a precipitate has been obtained, it is 
very important in most cases that it should be 
thoroughly washed, and the thoroughne^^s of the 
washing should be determined by a confirmatory 
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test. For instance, test the washings with silver 
nitrate when washing out a solution containing 
chlorides. Never, because you are in a huiTy, 
slight this important part of your analysis. 

Eveiy student should bear in mind when mak- 
ing an analysis that he has two objects in view. 
One, of course, is to determine what the constitu- 
ents of the substance are ; and the other, which is 
of equal or even greater importance at thip stage 
of his course, is to gain an intelligent understand- 
ing of the methods used. 

Let us return now to a study of what is neces- 
sary in order to make a complete analysis of any 
mixture. In the first place, the substance to be 
examined, if not already in the liquid form, must 
be gotten into solution. Frequently this is a veiy 
simple operation, as, for example, when the ma- 
terial is soluble in water or acids ; but in some 
cases it is more difficult, as in the case of a sub- 
stance insoluble in acids, and requiring fusion to 
decompose it, such as barium sulphate and many 
silicates. 

Before attempting to dissolve any substance 
(other than alloys) it should always be pulverized 
and gotten into the finest powder possible; the 
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Bner it is, the more rapidly will it go into solu- 
tion, or be decomposed by fusion if the latter 
proves necessary. 

It is well at this point, before proceeding to get 
the material into solution, to make a preliminary 
3xamination on charcoal and in the glass tube, as 
Qiuch valuable information is often gained in this 
way without the expenditure of much time or 
labor. 



PEELIMINAEY EXAMINATION. 

Test A. — Heat a portion gently with oxidiz- 
ing flame upon charcoal. 

Sb. — White pulvenilent volatile coat. 

The compound often continues to form in dense 
(\rhite fumes after cessation of blast. The coat- 
ing disappears before reducing flame, tingeing it a 
pale yellow-green. 

As. — White very volatile crystalline coat. 

The coat disappears before reducing flame, tinge- 
ing it pale blue, and evolving a characteristic garlic 
odor. 

Test B. — Heat a portion gently with the reduc- 
ing flame on charcoal, and note results. TtksCL ^^^ 
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some sodium carbonate and heat sl/rongly with the 
reducing flame for three or four minutes. 

As. — Garlic odor and a faint white volatile 
coat. 

Cd. — Dark-brown volatile coat, sometimes shad- 
ing to greenish yellow, and usually surrounded by 
a variegated coloration resembling the colors of 
peacock feathers. 

Zn. — White not easily volatile coat, yellow 
when hot. 

Sn. — White non- volatile coat close to assay, 
and usually small in amount. 

White coats may form from Pb, Bi, or alkalis; 
yellow coats from Pb or Bi ; brown or red coats 
from Cu or Mo ; and the ash of the coal may be 
white or red. If any coat forms, examine it for 
Zn and Sn by moistening it with cobalt solution 
and blowing a strong blue flame on the substance. 
The coating turns green if Zn-or Sn are present. 
The coatings from other elements will not prevent 
the cobalt coloration. 

Test C. — Mix a portion of the substance with 
more than an equal volume of bismuth flux* and 



* Formed bj grinding togetlier I pt. KI, 1 pt. KHSO4, 2 pts. S. 
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heat gently upon a plaster tablet with the oxidiz- 
ing flame. 

Pb. — Chrome -yellow coat, darker hot, often 
covers the entire tablet. 

Sn. — Brownish-orange coat. 

As. — Reddish-orange and yellow coat, darkei 
hot. 

8b, — Orange to peach-red coat, very dark when 
hot. 

Hg, — Gently heated, bright yellow and scarlet 
coat, very volatile ; becomes all scarlet on stand- 
ing ; but if quickly heated, the coat formed is pale 
yellow and black. 

Bi, — Bright scarlet coat surrounded by choco- 
late-brown with sometimes a reddish frino^e. 

Tests in Glass Tube. — The glass tube used 
should be about 3 inches long and J inch in diam- 
eter, and be of hard glass. One end is closed by 
fusing it in the Bunsen flame. 

Some prefer to use a tube that has had a small 
bulb blown on one end. 

A little of the powdered substance is introduced 
into the tube so that it rests in the lower or closed 
end. It is then heated, gently at first, and finally 
at the highest heat possible. 

A. a. The substance remains unchanged; ab- 
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sence of organic matter, volatile or fusible sub- 
stances, and those containing water of crystalliza- 
tion. 

b. The substance blackens; indicates organic 
matter. 

c. The substance fuses without blackening, and 
no water is given off ; add a small piece of char* 
coal ; deflagration indicates nitrates or chlorates. 

(1. Water is expelled, condensing in upper part 
of tube ; indicates either water of crystallization 
(such substances generally fuse, and after expul- 
sion of the water solidify again), or that derived 
from hydroxides or salts yielding water on igni- 
tion (NaHCOg), or moisture. 

The reaction of the water should be tested ; if 
alkaline it indicates ammonia, if acid a volatile 
acid (H,S04, HCl, etc.). 

B. Gases are Evolved: 

SO., J recognized by its odor, indicates either 
sulpliides, sulphites, or sulphates. 

NO.., known by its red color and odor, indi- 
cates nitrites or nitrates. Care should be taken 
not to confuse it with bromine, which also forms 
a red gas. 

CI, Br, and I may all be liberated, and when 
alone are easily recognized by their odor and color. 
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NC w HCN indicates cyanogen compounds 
decomposable by heat. May be recognized by 
the odor. 

H,;^8 indicates sulphides (not anhydrous), also 
thiosulphates. Recognized by odor or lead-ace- 
tate paper. 

NH^ indicates ammonium salts or the decompo- 
sition of cyanides containing water. Nitrogenous 
organic matter may also yield ammonia. 

C. A Sublimate Forms : 

S indicates sulphur in the free state or that de- 
rived from sulphides, many of which liberate sul- 
phur on heating in this manner. Recognized by 
forming reddish-brown drops that turn yellow on 
cooling. 

Hg. — Many of the mercury salts volatilize un- 
altered (the oxygen salts are decomposed on igni- 
tion), so that the sublimate in this case may be 
either metallic mercury or a salt of mercury. If 
doubtful, make another test by mixing some 
sodium carbonate with the substance before fus- 
ing, and covering this mixture, after placing it in 
the tube, with a layer of the carbonate, the mer- 
cury salts will be decomposed, yielding a subli- 
mate of metallic mercury. 

Arsenic. — Metallic arsenic gives its character- 
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istic dark mirror. The oxides yield a white crystal- 
line sublimate of arsenious oxide. The sulphides 
give sublimates that are reddish yellow while 
hot and yellow on cooling. The oxide and sul- 
phide are soluble in ammonia. 

Antimonious oxide also gives a white crystal- 
line sublimate, insoluble in ammonia. 

Besides the tests just given, it is well to heat 
another portion of the substance mixed with potas- 
sium bisulphate (made by heating potassium hydro- 
gen sulphate at a low heat, just sufficient to drive 
out the water, 2KHSO4 - H^O = K2SO4, SO3) in 
a glass tube in the same way as in the first test. 
Many substances not affected by heat alone are 
decomposed by this reagent. The gases evolved 
are recognized, as in first test, by their odor color, 
etc. Fluorine may also be detected in this way, 
as the gas liberated attacks and corrodes the 
glass, and should silica be present a drop of water 
held at mouth of tube will become opaque. 

Silica. — Test a few grains of powder in aalt 
of phosphorus bead for silica. 

The preliminary examination having been com- 
pleted, we are ready to proceed with the opera- 
tion of getting the substance into solution. 
Should organic matter, such as oil, etc., be pres- 
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ent, it must be removed by digesting with proper 
solvents, as naphtha, etc, or it may in many cases 
be destroyed by ignition. 

Solution. — It is always advisable to follow 
some systematic plan when dissolving any mate- 
rial given for analysis. The following one, al- 
though it may seem tedious at first glance, will 
be found shorter in the long run than any hap- 
hazard attempts at solution. 

It will very seldom, if ever, happen that all of 
the bases and acids provided for will be found in 
any one mixture, so that the method will be 
materially shortened in almost all cases. When it 
is desired to get an idea as to the combinations in 
which the different constituents of a substance 
exist, it is necessary to analyze the different solu- 
tions separately for both bases and acids. Even 
this will not always give the true combinations, 
for interactions may take place on the addition 
of the solvent that will wholly or partially 
change them. If it is only required to deter- 
mine the actual constituents without regard to 
their combinations, which is usually the case, 
the different solutions may be analyzed as one 
mixture, provided they do not precipitate each 
other. For example, before mixing a water or 
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nitric acid solution with one in hydrochloric 
acid, the former ought always to be tested witli 
hydrochloric acid to see if any silver, lead, or 
mercurous salts are present, and if found they 
should be completely precipitated and filtered 
off, after which the solutions may be mixed 
together and analyzed. 

The student should make it a rule always to 
put aside a part of the original material for 
special tests, and in case of accident to the main 
analysis. 

The solution of a solid substance is conven- 
iently considered under two heads, viz. : 

1°. The substance is neither a metal nor an 
alloy. 

2°. The substance is a metal or an alloy. 

Substances of the 1° class are to be treated as 
follows : 

A. Boil some of the finely pulverized substance 
with water, repeating this treatment with fresh 
portions of water until thoroughly extracted. 

a. All dissolves. 

Test solution according to Scheme No. V. 

h. A residue remains. 

Filter, and evaporate to dryness a few drops of 
^e filtrate in a platinum capsule, and see if any 
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appreciable residue remains ; if so, test filtrate ac- 
cording to Scheme No. V, or reserve to be com- 
bined with acid solution B or C. 

B. Residue insoluble in water. 

Treat a portion of this residue with dilute hy^ 
drochloric acid, applying heat if necessary. If it 
does not dissolve completely, allow it to settle and 
then decant the solution, and to the residue add 
some concentrated hydrochloric acid, and boil.* 
If ever}^thing has now gone into solution the acid 
liquids are evaporated to small bulk, diluted with 
water, and precipitated with H2S in the usual way. 

a. In case the foregoing treatment has not 
eflEected complete solution, keep the dilute acid 
liquid, and the one with strong acid containing 
the undissolved residue for future use. 

C. Hydrochloric acvl itot having effected com- 
plete solution^ take another portion of B and boil 
with nitric acid, and add water. If all dissolves, 
evaporate to expel excess of acid, dilute with 
water, and add to solution A, J. Should the ad- 
dition of water cause a precipitate, it is proba- 
bly bismuth, which will redissolve on the addi- 



* The presence of carbonate is always revealed at this point by 
the evolution of COa. Sulphides also are frequently detected here 
by the evolution of HjS. Also many cyanides. 
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tion of a few drops of nitric acid. The solation 
is now tested in the usual way. 

a. If the boiling nitric acid does not effect 
complete solution, test a few drops of the liquid, 
iifter dilution with water, with dilute hydro- 
chloric acid for silver and lead (mercurous salts 
would have been oxidized to mercuric). 

h. Silver or lead salts are not pi^esent. — 
Mix the nitric acid solution and residue with 
the hydrochloric acid solutions (B, a) and the 
residue insoluble in that acid ; boil the mixture, 
which now forms aqua regia, for some time; 
and if there is still a residue left, dilute, and 
lilt(»r and wash precipitate, and treat the latter 
according to D. The filtrate, after getting rid 
of the excess of acid by evaporation is combined 
with the water solution A b and analyzed in the 
usiiul manner. 

(\ Silver or lead salts are present. — Dilute 
the stronu^lv acid solution and filter, washing: the 
residue thoroughly. Then treat this residue first 
by boiling with fresh hydrochloric acid (not that 
UHtnl in B, ^/), and if this does not dissolve it com- 
pleti^ly, then add some nitric acid, forming aqua 
regia, and boil again. If a residue still remains, 
filtei' (after dilution) and wash and proceed with 
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it as in D. Reserve filtrate, which is to be mixed 
with the water and nitric acid solutions later on. 
Silver and lead salts being present, the water and 
nitric acid solutions are mixed, the silver, lead, and 
mercurous salts (the latter from the water solution) 
precipitated by hydrochloric acid and the filtrate 
mixed with the aqua regia solution, excess of acid 
expelled by evaporation to small bulk, the solu- 
tion diluted and pi'ecipitated with H2S as usual. 

D. Hesldue insoluble in aqua regia. 

This residue may contain AgCl, PbS04, 
BaS04, SrS04, CaS04, SiOg , and silicates, AlgOj , 
CrA,CaF,, C, S, SnO^. 

a. If the residue insoluble in aqua regia is 
white, take a few grains of it and add a drop or 
two of ammonium sulphide ; if silver or lead is 
present it will turn black. In case D is dark 
colored test a small portion on charcoal or plaster 
for Ag and Pb. If found, by either test, proceed 
according to <?; if not, according to residue 2^ 

h. Test another small portion in a glass tube 
closed at one end for S if its presence has not 
already been determined in the preliminary tests. 

c. Silver aiid lead salts are present 

Take some of the residue, and heat with a con- 
centrated solution of NH4C2H8O2; filter, and re- 
oeat treatment until lead salts axe sl^ t^tclon^^- 



278 COMPLETE ANALYSIS OF ALL THE OBOUPS. 



FiLT. 1*. 

Lead salts -*- 2 parts. 



1*». 



2«. 



Add HaS04 Add HCl, 
- white ppt. filter If neces- 
PbS04. sary. and add 
a few drops 
of Bads, 
white ppt. = 
BaS64 = 
H,S04. 



RsgiDUS 1*. 

Warm residue with KCy (if S is present, di- 
gest in the cold), filter, and repeat the treat- 
ment mi til Ag salts are all removed. 



FiLT. 2». 

AgCy.KCy, add 
(NH4)aS, brown ppt. 
= Ag^S — . Dissolve 
AKaS in hot HNOa. 
dilute, filter, and to 
filtrate add HCl — 
white ppt. = AgCl = 
Ag. 



Residue 2^. 

If S is present, heat 
residue in porcelain dish 
until the S nas complete- 
ly volatilized; then mix 
the residue with NaKCO. 
and a little NaNOa, and 
fuse in a platinum cruci- 
ble; dissolve the fusion 
in boiling water, filter 
and wash. 



Residue 3**. 

BaCOa, SrCO,, CaCOa 
^iOa ,_ AlaOa. CraO., SnO,)? 

Treat with HCaHaOa; ' 

and filter. 



FiLT. 4*». 

_BaAa, Sr- 

A a, v>aAa« 
Test in the 
usual way. 



Residue 4°. 

SiOa. SnOa! etc. 
Place in test-tube 
with Zn and 
strong HCl and a 



NaaSiO,, NaF, NaaCrO^. NaaAla04, NaaS04« 

.w,/. NaaSnOa. (?) Make slightly acid with HCl* 

heat and evaporate to dryness; if Cr is present, 

add a little alcohol; (do not heat much above 

lOQo C). Add HCl to the dry residue, boil, 

dilute, and filter. * 



platinum— 



Filtrate 3®. 



Ppt. 5«». 
SiOa, SnOa 



„ IProve'SiOa by salt 

few small pieces o f phosphorus 



bead. Sn oy re- 



of ^ 

SnOa. if present, duction with Zn. 
will be reduced to 
Sn. Dis<;olve in 
HCl, and test with 



Add NH4OH to faintly alkaline reaction and 
filter. 



Filtrate 5*. 

NaF, AlaCle. Cr.Cle, 
Na9S04, SnCU (?). Pass 
HaS gas into the solution 
and filter from any ppt. 



Filt. 6. 

NaF, AlaCl«, 

CraCle4- 
NaaSO|. 



Ppt. 6. 

SnS„ S + 
Pt + Sa ('). 
Add a litde 
concentrated 
HCl and boil; 
the tin dis- 
solves as Sn- 
CU. Nearly 
n eut ralize 
and precipi- 
tate the tin 
as metastan- 
nic acid with 
NaaSO^. 



Ppt. 



7*». 



Ala. (OH)s, and 
Cra(OH)i,). Test 
in the usual way. 



Filtrate 7".— (Divide in two parts.) 



1. 



Acidify with HCl 
and add BaCla. 
white ppt. = 
BaS04 = HaSO*. 

be to take some of residue No. 2 and 



test, or if silica is present by passing SiF4 



2. 

Add CaCla and let stand for some 
time; filter, and test ppt. for Fl by 
etching test. 

A better way to test for Fl would 
test that directly, either by etching 

into water. 



OOMPlETE ANALYSIS OF ALL THE OBOUP8. 279 

Metah or Alloys. 

Case 2"". The substance is a metal or an alloy^ 
Boil with HNO3 Sp. Gr. 1. 2, and evaporate nearly 
to dryness ; add a few drops of HNO3, dilute with 
'^ater, boil and filter. 



Residue 1<*. 

Besidue is white and noD-metallic * Boil with stron 
Solution of HaC4H40e; if any residue remains filter an 
Wash. 



Filtrate I*. 

Test according 
to Scheme No. V. 



Filtrate 2*. 



sSsf ^^'' " 



Residue 2*. 



Add a few Place in a platinum capsule with a piece of zinc and a 
drops of HCl. and little {strong HCl. The H^SnOs will be reduced to metallic 
pass in HaS, an tin. Remove the zinc, dissolve the tin in HCl, and test 

solution with HgClo: a white or gray ppt. proves Sn. 
Gold and platinum. If present, will be left undissolved by 
the HCl, and should be tested for by dissolving in aqua 
regia, dividing solution into two parts, and testing for 
gold with FeS04, and for platinum with KCl. 



The substance now being in solution, we are 
ready to proceed with the analysis for the de- 
tection of the bases. As the separation of the 
metals of each group has already been explained, 
all that is necessary now is to show the connec- 
tion between the different group schemes. This 
is done in the following outline, in which it is 
seen that each group is tested for in the filtrate 



* If residue is metallic dissolve it in aqua regIa and test solution 
for gold and platinum. Platinum alloyed with a large amount of 
sflyer is soluble in nitric acid. 
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FiLT. !•. 

Lead salts ■+■ 2 parts. 



1». 



2«. 



Add HaS04 Add HCI, 
■ white ppt. filter if neces- 
: PbS04. isary, and add 
a few drops 
of Bads, 
white ppt. = 
BaS64 = 
HaS04. 



RssiDnK 1*. 

Warm residue with KCy (if S is present, di- 
gest in the cold), filter, and repeat the treat- 
ment until Ag salts are all removed. 



FiLT. 2». 

AgCy,KCy, add 
(NH4)aS, brown ppt. 
= AggS — . Dissolve 
AgaS in hot HNOa. 
dilute, filter, and to 
filtrate add HCI — 
white ppt. = AgCl = 
Ag. 



Residue 2^. 

If S is present, heat 
residue in porcelain dish 
until the S nas complete- 
ly volatilized; then mix 



i 



the residue with NaKCO| 
and a little NaNO,, and 
fuse in a platinum cruci- 
ble; dissolve the fusion 
in boiling water, filter 
and wash. 



Residue 3**. 

BaCO,, SrCO,, CaCO, 
^iO, ,_ AlaO,. CiaO,, SnOa)? 
Treat with HCaH,Oa; heat 
and filter. 



FiLT. 4*>. 

_BaAa, Sr- 

A a« K^tkAq. 
Test in the 
usual way. 



Residue 4**. 

SiOa. SnOa!etc. 
Place in test-tube 
with Zn and 
strong HCI and a 



o f platinum 
SnOa. if present, 
will be reduced to 
Sn, Dissolve in 
HCI, and test with 

Hgcia 



Filtrate 3®. 



NajSiO,, NaF, NaaCr04. NaaAla04, NajSOfi 
NaaSnO,. (?) Make slightly acid with HCb 
and evaporate to dryness; if Cr is present, 
add a little alcohol; (do not heat much above 
100° C). Add HCI to the dry residue, boil, 
dilute, and filter. * 



Ppt. 5*». 



SiOa, SnOa (?.) 

„ Prove SiOa by salt 

few small pieces o f phosphorus 



bead. Sn by re- 
duction with Zn. 



Filtrate 5°. 

NaF, AljCle, Cr.CIe. 
Na-SO*, SnCU (?). Pass 
HaS gas into the solution 
and filter from any ppt. 



Add NH4OH to faintly alkaline reaction and 
filter. 



FiLT. 6. 

NaF, AlaCU, 
CraCle + 
NaaSOi. 



Ppt. 6. 

SnS„ S-t- 
Pt-4-Sa ('). 
Add a little 
concentrated 
HCI and boil; 
the tin dis- 
solves &fi Sn- 
CU- Nearly 
neutralize 
and precipi- 
tate the tin 
an metastan- 
nic acid with 
Na.j804. 



Ppt. 



CO 



Ala, (0H)«, and 
Cra(OH)i,). Test 
in the usual way. 



Filtrate 7".— (Divide in two parts.) 



1. 

Acidify with HCI 
and add BaCl<2. 
white ppt. = 
BaS04 = HaS04 



be to take some of residue No. 2 and 
test, or if silica is present by passing " 



2. 

Add CaCla and let stand for some 
time; filter, and test ppt. for Fl by 
ptcliin&r ^€^st 

A better way to test for Fl woulc 
test that directly, either by etchinf 
SiF4 into water. 
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into solution, that the mercurous salt may have 
been changed to mercuric. In cases of this kind, 
if mercuric salts only have been found in the 
regular course of analysis, it is always necessary 
to test specially for mercurous compounds. This 
may be done by digesting some of residue B with 
cold dilute hydrochloric acid and filtering; the 
residue is then washed with boiling water and 
tested with ammonia in the usual way for mercu- 
rous salt. 

If tin has been found, the oxide present is de- 
termined by testing some of the hydrochloric acid 
solution (water solution also should be tested in 
same way) with mercuric chloride for stannous 
salts and with sodium sulphate or nitrate for 
stannic. 

The two oxides of iron are tested for in the 
hydrochloric acid and water solutions with potas- 
sium ferricyanide for ferrous and thiocyanate for 
ferric salts. 

For arsenic, the difference in color of the silver 
salts, the tests with copper sulphate, the mag- 
nesium mixture test, and the time required for 
precipitation by HgS will generally show which 
oxide is present. 
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FiLT. 1«. 

Lead salts ■+■ 2 parts. 



I*. 



2». 



Add H,S04 Add HCl, 
white ppt. filter if neces- 



= PbS04. 



sanr. and add 
a few drops 
of BaCI,, 
white ppt. = 
BaS04 = 
HaSO*. 



Rbsiduk 1*. 

Warm residue with KCy (if S is present, di- 
gest in the cold), filter, and repeat the treat- 
ment witil Ag salts are ail removed. 



FiLT. 2». 

AgCy,KCy, add 
(NH4)aS, brown ppt. 
= Ag^S — . Dissolve 
AgaS in hot HNO,. 
dilute, filter, and to 
filtrate add HCl — 
white ppt. = AgCl = 
Ag. 



Residue 2^. 

If S is present, heat 
residue in porcelain dish 
until the S nas complete- 
ly volatilized; then mix 
the residue with NaKCO| 
and a little NaNO,, and 
fuse in a platinum crnci- 
ble; dissolve the fusion 
in boiling water, filter 
and wash. 



Residue 3**. 



BaCOt, 8rCO„ CaCO, 
SiO, ,_ Al,0,. CraO,, SnOj)? 
>eat with HCahsOa; heatland 
and filter. 



T 



FiLT. 4®. 
_BaA„ Sr- 

Aa« y^BiA^, 

Test in the 
usual way. 



Residue 4<*. 

SiOa. SnOa? etc. 
Place in test-tube 
with Zn and 
strong HCl and a 
few small pieces o 
o f platinum— 
SiiOa. if present, 
will be reduced to 
Sn. Dissolve in 
HCl, and test with 
HgCU- 



Filtrate 3®. 

NaaSiO,, NaF, NajCrO*, Na, A1.04, Na,S04« 
Na,Sn03. (?) Make slightly acid with HCli 



evaporate to dryness; if Cr is present, 
add a little alcohol; (do not heat mucn above 
100» C). Add HCl to the dry residue, boU, 
dilute, and filter. ' 



Ppt. 5«». 

SiOa, SnOa (?.) 
Prove SiOa by salt 

f phosphorus 
bead. Sn by re- 
duction with Zn. 



Filtrate 5®. 

NaF, AloCl^. Cr.Cle, 
NaoS04, 8nCl4 (?). Pass 
HaS gas into the solution 
and filter from any ppt. 



FiLT. 6. 



Add NH4OH to faintly alkaline reaction and 
filter. 



NaF, AlaCl«, 

CraCl.4- 
NaaSO«. 



Ppt. 6. 

SnS„8 + 
Pt-fS, ('). 
Add a little 
concentrated 
HCl and boil; 
the tin dis- 
solves as Sn- 
CI4. Nearly 
neutralize 
and precip|i- 
tate the tin 
as metastan- 
nic acid with 
NaaS04. 



Ppt. 



"TO 



Ala. (0H)«, and 
Cra(OH)0. Test 
in the usual way. 



Filtrate ?•.— (Divide in two parts.) 



1. 



Acidify with HCl 

and add BaCl^. 

white ppt. = 

BaS04 = H2SO4. 

be to take some of residue No. 2 and test that directly, either by etching 
test, or if silica is present by passing SiF4 into water. 



2. 



Add CaCIa and let stand for some 
time; filter, and test ppt. for Fl by 
etching test. 

A better way to test for Fl would 
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a part may be fused with baiium hydrate, as 
explained under tests for silicic acid. 

Cyanides and Ferro- and Ferricymvidea insolu- 
ble in acids are best decomposed by .boiling with 
strong sodium or potassium hydrate, then adding 
sodium carbonate and boiling again. On filtering 
the residue will bu free from cyanogen (except 
silver cyanide), and' the filtrate will contain all of 
the cyanogen in combination with the alkalies, 
and besides this all of those metals whose hydrox- 
ides are soluble in alkali (Zn, Al, Pb, As, etc.). 
Before testing this solution for cyanide, feiTo- and 
ferricyanide, etc., sodium sulphide should be added 
to it drop by drop as long as it causes any pre- 
cipitate, but avoid a large excess of the reagent. 
This treatment removes those metals whose sul- 
phides are insoluble in alkalies (Zn, Pb). Filter 
and add dilute sulphuric acid to the filtrate until 
it is slightly acid, then add H^S if the solution 
does not already smell of that gas. This will pre- 
cipitate any metals of the sixth group, and after 
filtering the solution may be tested for the cyano- 
gen acids, as already explained. 



REAGENTS. 

Hydrochloric acidj HCl (strong), sp. gr. 1.12, 
24^ acid. 

Hydrochloric acid HCl (dilute), sp. gr. 1.06. 

Nitric (xcidy HNO3 (strong), sp. gr. 1.2, 325^ acid. 

Nitric add^ HNO3 (dilute), sp. gr. 1.1. 

Sutphuric acidj H2SO4 (cone), sp. gr. 1.84, 
95^ acid. 

Sulphuric acid^ H2SO4 (dilute), sp. gr. 1.14. 

Acetic acid, HC2H3O2, sp. gr. 1.04, 30^ acid. 

Hydrosulphuric acid^ HoS, is used either in the 
gaseous form or as a solution in water. It is 
generally prepared from ferrous sulphide (FeS) 
and hydrochloric or sulphuric acid. The water 
solution is obtained by saturating water with the 
gas. It does not keep well and must be freshly 
prepared from time to time. 

284 
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Tartainc acid^ H2C4H40e (crystallized), dis- 
solved in water as needed for use, 1 part acid to 
3 of water. 

Potassium hyd/romde^ KOH, solution of sp. gr. 
1.125, 15J^ KOH. 

Sodium hydroxide may be used instead of the 
above. 

* Potassium chrofnate^ K2Cr04, 1 part to 10 
pai*ts water. 

Ammonium hydr oxide j NH4OH, solution of sp. 
gr. 0.96 = 10^ NHg. 

Sodium carbonate^ NagCOgjlOHaO, 2.7 parts to 
5 of water. 

Sodium hydrogen "phosphate^ Na2HP04,12H20, 
1 part to 10 parts of water. 

Sodium acetate^ NaC^HaOg jSHgO, 1 part to 10 
parts of water. 

Sodium Tiypochloritey NaClO. Some bleaching 
powder (chloride of lime) is dissolved in water, 
and sodium carbonate solution added as long as a 
precipitate forms. Allow the precipitate to settle 
and then siphon off the clear liquid for use. 

Ammonium carhonate^ (^l^^f^O^^ 1 part of 
salt, 4 parts of water, and 1 paii; of ammonium 
hydroxide. 



RBAOKNTS. 



L 



Amnumium si/lphide, (NH,)3 and (!N'Hj)eS^' 

Two solations uf ammonium sulphitle ai-e re- 
quired, one of the normal sulphide for the precip- 
itation of the 3° and 4° groui^s and one of poly- 
sulphide for the separation of 5° aud 6° groups. 

The method oixiiuai'ily used for thft preparation 
of the nojmal sulphide does not yield this com- 
pound according to the researches of Eloxam (see 
tTour. Chem. Soc., Apr, 1895), aud he gives the 
following : H^S gas i^ passed into ammoniui 
hydroxide solution and small portions are tak( 
from time to time and tested as follows 

An access of solution of recryatallized cuprii 
sulphate (1 cc. = about 0.1 grm. of CuSOJ 
placed in a flask, water is added, and then a fei 
drops of the sulphide solution, and the mixti 
well shaken. It is then filtered (the filtrate rauat' 
have a blue color, showing the presence of an 
excess of copper sulphate) aud the precipil 
wiished with boiling water until all tlie 
milpliate has been washed out. Dilute solution 
potassium hydroxide is added to the filtrate 
drop at a time. If the first drop or two produ( 
a precipitate, showing that the solution is neuti 
the precipitate of sulphide, that has been tl 
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ougUy washed, ia shaken with ammonium hy- 
droxide and filtered. A blue filtrate shows that 
the portion of ammonium sulphide tested con- 
tained fiee ammonia, and more H^S is required. 
If no blue color is produced, the solution then 
consists of (NH4)3S. If on testing the first filtrate 
with KOH it had shown an acid reaction, this 
would indicate the presence of NH^HS. The 
following equations esplain the reaction taking 
place under the different conditions : 

(a) 3CuS0, + 2NH,HS 

2CuS + (NH0aSO4 4- H„SO, + CuSO,. 



» 



.) 2CUSO4 + (NH^sS 

= CuS + (NHO.SO^ + CuSO,. 



(c) SCuSO^ + (NH,)^ 4- 2NH,0II 

= CuS + Cu(OH),+ 2(NH,),S04 + CuSO,. 

From the above equations it is evident that 
when the filtrate has an acid reaction, as in (a), 
the solution of sulphide contains NH^HS. If 
the reaction is neutral and the precipitate gives 
no blue solution on treatment with ammonia, then 
the solution must be one of (NH4)aS (h). It ia 
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better that the solution contain some NH4HS 
rather than free ammonia. 

The polysulphide is made from the normal one 
by addition of a little free sulphur, which soon 
dissolves and the solution becomes of a red color. 

Ammmiivm oxalate (NH4)jjC204, 1 part to 24 
parts of water. 

Ammonium cJdoridej NH4CI, 1 part to 8 parts 
of water. 

Ammonium mlphate^ (NH4)2S04, 1 part to 5 
parts of water. 

Ammonium Tnolyhdate^ (NH4)6Mo7024. Dis- 
solve 1 part of molybdic acid MoOg in 4 parts of 
ammonium hydroxide solution, filter quickly, and 
pour into 15 parts by weight of nitric acid, sp. gr. 
1.2. 

Ammonium acetate^ NH4C2H3O2. Add acetic 
acid to ammonium hydroxide until solution is 
neutral. 

Ammonium thiocyanate^ NH4CNS, 1 part to 10 
parts of water. 

Potassium ferrocyanidsj K4(FeC6Ne), 1 part to 
10 parts of water. 

Barium cJiloride^ BaCl2,2H20, 1 part to 10 
parts of water. 
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Caldvm hydroxide (lime-water), Ca(0H)2, a 
saturated solution. 

Calcium cMoridej CaCl^jeHgO, 1 part to .5 
parts of water. 

Calcium sulpJiate, CaS04, saturated solution. 

Magnesium mlphatey MgS04,7H20, 1 part to 
10 of water. 

Ferric chloridej Fe2Cle, 1 part to 10 parts of 
water. 

Lead acetate j Pb(C2H802)2, 1 part to 10 parts 
of water. 

Silver niPratCj AgNOs, 1 part to 20 parts of 
water. 

Mercuric chloridej HgCl2, 1 part to 16 parts 
of water. 

Stannous chloride^ SnClg, 1 part to 10 parts of 
water. 

Some metallic tin and a little free hydrochloric 
acid should be kept in this solution to prevent 
oxidation of the stannous chloride. 

Hydrochloroplatinic add, HgPtCle, 1 part to 10 
parts of water. 

Cobaltous ni1/)*atej Co(N03)2, 1 part to 10 parts 
of water. 

Potassium pyroantimoniatCy KgHgSbgOy, dis- 
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solved as required in hot water and the solutioj 
filtered. 

Potassium feiTicyanide, "KiiVeC^^^ It 
best to keep this reagent in the dry state and c 
solve in water when needed, as its solution wh^ 
kept is liable to paitial I'eduction to fen-ocyanida 

Potassium cya/iiide, KCN, dissolved in water a 
required. 

Barium carbonate, BaCOg. Prepared liy pri 
cipitating a solution of barium chloiide wi4 
ammonium carbonate, washing the precipita:! 
thoroughly, and then placing it in s. bottle ana 
covering with water. When wanted for use it i 
shaken up with the water and the niilk-y-lookim 
solution used. 

Perrons stdphale, FeSOoTHjO, dissolved 
cold water as required. 

Sodium potassium carbonate. Used in prefM 
ence to either carbonate alone, as it is more easilv 
fusible. Made by thoroughly mixing 13 parts o 
anhydrous potassium carbonate .with 10 of drj 
sodium carbonate, 

£orax, NaaB,O,,10HsO. 

Sodium ammonium hydrogen phosphate (phoC 
phorus salt; microcoamic salt), NaNH,HP0.,4H«Q 
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When fused it becomes sodium metaphospliate, 
:NaP03. 

Potassium cJilorate^ KClOj. 

Lead dioxide^ PbO^. 
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*t net prices only. All books are bound in cloth unless otherwise stated. 



AGRICULTURE— HORTICULTURE— FORESTRY. 

Armsby's Principles of Animal Nutrition 8vo, $4 00 

Budd and Hansen's American Horticultural Ma«^ual: 

Part I. Propagation, Culture, and Improvement. i2mo, i 50 

Part II. Systematic Pomology i2mo, i 50 

Elliott's Engineering for Land Drainage i2mo, i 50 

Practical Farm Drainage 2d Edition. Rewritten . T2mo. i 50 

Graves's Forest Mensuration 8vo, 4 00 

Green's Principles of American Forestry i2mo, i 50 

Grotenfelt's Principles of Modern Dairy Practice. (WoU) i2mo, 2 00 

*Herrick's Denatured or Industrial Alcohol 8vo, 4 00 

Kemp and Waugh's Landscape Gardening. New Edition, Rewritten. (In 
Preparation.) 

* McKay and Larsen's Principles and Practice of Butter-making Svo, i 50 

Maynard's Landscape Gardening as Applied to Home Decoration i2mo, i 50 

Quaintance and Scott's Insects and Diseases of Fruits. (In Preparation). 

Sanderson's Insects Injurious to Staple Crops i2mo, i 50 

* Schwarz's Longleaf Pine in Virgin Forests i2mo, i 25 

Stockbridge's Rocks and Soils Svo, 2 50 

Winton's Microscopy of Vegetable Foods. . .' Svo, 7 50 

Well's Handbook for Farmers and Dairymen i6mO| z 50 

ARCHITECTURE. 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Birkmire's Architectural Iron and Steel Svo, 3 50 

Compound Riveted Girders as Applied in Buildings Svo, 2 00 

Planning and Construction of American Theatres Svo, 3 -oo 

Planning and Construction of High Office Buildings Svo, 3 50 

Skeleton Construction in Buildings Svo, 3 00 

Briggs's Modern American School Buildings *.8vo, a, <i<i 

Byrne's Inspection of Material and Wormansldp Em.^\o7e^ m Cot\a\i>3LC>Lvwu 

Caipenter'8 Heating and Ventilating of Buildinss .V»^> ^ ^^ 

*CortbeU'8 AUowable Pressure on Deep Foundations -looi^ t^ -JJ 
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Fntitaf*! Arcbitoctunl Efici]ieerioc> 8vo 

Piroproofijig of Steel BwikJingi. 8ro» 

Frtficb and lyei'f Stereotomy 8vd. 

OthMtd'* Guide to Sanitary Hotue-Inapectioii. ztaao. 

o Modern Baths and Bath Houses 8fO» 

StnF ation of Public Buildings lamo. 

Theatre Fires and Panics. lamo. 

HoUey and Ladd's Analysis of Mixed Paints, Color Pigments, and Yamisbes 

Laxge i2mo. 

Johnson's Statics by Algebraic and Graphic Methods .'Sro, 

Kellaway's How to Lay Out Suburban Home Grounds 8to, 

Kidder's Architects' and Builders' Pocket-book. i6mo, mor. 

Maire's Modern Pigments and their Vehicles zamo, 

Merrill's If on-metallic Minerals: Their Occurrence and Uses 8vo, 

Stones for Building and Decoration 8vo, 

Monckton's Stair-building 4to, 

Patton's Practical Treatise on Foundations Svo, 

Peabody's Naval Architecture Svo, 

Rice's Concrjte-block Manufacture Svo, 

Richey's Handbook for Superintendents of Construction. i6mo, mor. 

^ Building Mechanics' Ready Reference Book: 

* Building Foreman's Pocket Book and Ready Reference. (In 

Press.) 

* Carpenters' and Woodworkers' Edition i6mo, mor. 

* Cement Workers and Plasterer's Edition i6mo, mor. 

* Plumbers', Steam-Filters', and Tinners' Edition i6mo, mor. 

* Stone- and Brick-masons' Edition i6mo, mor. 

Sabin'i House Painting i2mo, 

Induntrinl and Artistic Technology of Paints and Varnish Svo, 

Hichrrt iind nigKin's Modern Stone-cutting and Masonry Svo, 

Snow'H Principal Species of Wood 8vo, 

Towuf 'h LocUh and Huilders' Hardware iSmo, mor. 

Wttlt'K KnuinfcrinK and Architectural Jurisprudence Svo, 

Sheep, 

Law of Contracts 8vo, 

Law of Operations Preliminary to Construction in Engineering and Archi- 
teiture Svo, 

Sheep, 

WilHitn's Air Conditioning i2mo, i 50 

WoiieKtei and Atkinson's Small Hospitals, Establishment and Maintenance, 
SuKKt>stioiis for Hospital Architeoture. wkh Plans for a Small Hospital. 

i2mo. I 25 

ARMY AND NAVY. 

lWrnadou*«i Sinokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 

Molecule i2mo, 2 50 

I'hrtse s Alt ot Tattern Making i2mo, 2 50 

Sciew Proj^ellers and Marine Propulsion Svo, 3 00 

♦ ('K»Ue's KMii-itod Sj ecialist's Examiner Svo, 2 00 

(lunner's Kxaminer Svo, t 50 

Cra»u's A.'ijnuth. . 4to, 3 50 

Ciehoie auvl v^iiiiier's Polariring Photo-chronograph Svo, 3 00 

♦ Oavis's Klements of law Svo, a 50 

♦ rttHtise on the Military Law of United States. Svo, 7 00 

Sheep, 7 50 

/V Bnck 's Caralry Outpost Ihities. vCatt^ -x^jowi^Tasa, -k ^ 

*Dudhy\< Military Law and the Procedure ot CoAixXs^xnai^iaL . .\*sut vm^-x ^g^ 
JhinUidt ResisULQce and Proputeion ot SYvvps. ^'^ ^« 
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* Dyer's Handbook of Light Artiller>, i2mo, 

Eissler's Modern High Explosives 8vo, 

* Fiebeger's Text-book on Field Fortification Large X2mo, 

Hamilton and Bond's The Gunner's Catechism i8mo, 

* Hoff's Elementary Naval Tactics 8vo, 

Ingalls's Handbook of Problems in Direct Fire 8vo, 

* Lissak'8 Ordnance and Gunnery 8vo. 

* Ludlow's Logarithmic and Trigonometric Tables 3vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II.. 8vo, each, 

* Mahan's Permanent Fortifications. (Mercur) 8vo, half mor. 

Manual for Courts-martial x6mo, mor. 

* Merctir's Attack of Fortified Places i2mo, 

* Elements of the Art of War 8vo. 

Metcalf's Cost of Manufactures — And the Administration of Workshops. .8vo., 

Nixon's Adjutants' ManuaL 24mo, 

Peabody's Naval Architecture 8vo, 

* Phelps's Practical Marine Surveying 8vo, 

Putnam's Nautical Charts 8vo, 

Sharpe's Art of Subsisting Armies in War i8mo, mor. 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo, leather, 

* Weaver's Military Explosives 8vo, 

Woodhull's Notes on Military Hygiene i6mo. 
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ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo, 4 go 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

x6mo, mor. 

Furman's Manual of Practical Assaying. . . . " 8vo, 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. . . .8vo, 

Low's Technical Methods of Ore Analysis 8vo, 

Miller's Cyanide Process i2mo, 

Manual of Assaying i2mo, 

Minet's Production of Aluminum and its Industrial Use. (Waldo) i2mo, 

O'DriscolJ's Notes on the Treatment of Gold Ores.. 8vo, 

Ricketts and Miller's Notes on Assaying 8vo, 

Robine and Len^len's Cyanide Industry. (Le Clerc) 8vo, 

Ulke's Modern Electrolyfic Copper Refining 8vo, 

Wilson's Chlorination Process i2mG, 

Cyanide Processes. . X2mo. 
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ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth . •. 4to, 3 50 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 «»<» 

* Michie and HarJow's Practical Astronomy .%nq^ •>» ^'a 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding TaYi\es %^Q, ^ ^^ 

^Jtrtltif's Elements of Theoretical and Descriptive Astronomy "L-itsxo* *»■ ^^ 
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cdley and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes. 

Large 12 mo, 2 50 

fiopkins's Oil-chemists' Handbook 8vo, 3 00 

Iddings's Rock Minerals .8vo, 5 oa 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, z 25 

Johannsen's Determination of Rock-forming Minerals in Thin Sections . .8vo, 4 00 
Johnson's Chemical Analysis of Special Steel. Steel-making. (Alloys and 
Graphite.) (In Presi.) 

Keep's Cast Iron 8vo, a 50 

Ladd's Manual of Quantitative Chemical Analsrsis x2mo, i 00 

jL>andauer's Spectrum Analysis. (Tingle) 8vo, 3 00 

* l.Angwurtny and Austen's Occurrence of Aluminium in Vegetable Prod- 
ucts, Animal Products, and Natural Waters 8vo, 2 00 

iLASsar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. 'Tingle) i2mo, 1 00 

I^each's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo» 3 00 

Low's Technical Method of Ore Analysis 8vo, 3 00 

Lunge's Techno-chemical Analysis. (Cohn) I2m'>, i 00 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 1 50 

Maire'8 Modem Pigments and their Vehicles i2mo, 2 00 

Mandel's Handbook for Bio-chemical Laboratory i2mo, z 50 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe . . i2mo, 60 
Mason's Examination of Water. (Chemical and Bacteriological.). . . .i2mo, z 25 

Water-supply. (Considered Principally from a Sanitary Standpoint. 

8vo, 4 00* 
Hathewson's Chemical Theory for First Year College Students. (In Press). 

Matthews's Textile Fibres. 2d Edition, Rewritten 8vo, 4 00 

* Meyer's Determination of Radicle? in Carbon Compounds. (Tingle). . i2mo, z 25 
Miller's Cyanide Process i2mo, i 00 

Manaal of Assaying i2mo» 1 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo) i2mo, 2 50 

Mixter's Elementary Text-book of Chemistry i2mo, i 50 

Morgan's Elements of Physical Chemistry i2mo, 3 00 

Outline of the Theory of Solutions and its Results i2mo, i 00 

* Ph3rsical Chemistry for Electrical Engineers i2mo, i 50 

Morse's Calculations used in Cane-sugar Factories x6mo. mor. i 50 

* Muir's History of Chemical Theories and Laws 8vo, 4 00 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I Large 8vo, 5 00 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ostwald's Conversations on Chemistry. Part One. (Ramsey) i2mo, i 50 

" " " •• Part Two. (Turnbull) i2mo, 2 00 

* Palmer's Practical Test Book of Chemistry i2mo, i 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer') ..... i2mo, i 25 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper, 50 
Tables of Minerals. Including the Use of Minerals and Statistics of 

Domestic Production gvo^ i qq 

Pictet's Alkaloids and their Chemical Constitution. (Biddle) Svo, 5 00 

Poole's Calorific Power of Fuels 8vo, 3 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis i2mo, i 50 

* Reisig's Guide to Piece-dyeing gyo, 25 00 

Richards and Woodman's Air, Water, and Food from a SanWarj ^\«iTv^^vtA..a^^ , 1. tj» 
Ricketts and Miller's Notes on Assaying .^n^, "J, ^^ 

RideaJ'8 Disinfection and the Preservation of Food .%sci, \ w> 

Sewage and the BacteriAl Purification of Sewage. . •^'^^^ ** ^^ 
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Rigg^s's Elementary Manual for the Chemical Laboratory 8vo, i 

Robine and Lenglen's Cyanide Industry. (Le Clerc) Sto* 4 

Ruddiman's Incompatibilities in Prescriptions. 8vOr 2 

Whys in Pharmacy lamo, x 

Ruer's Elements of Metallography. (Mathewson) (In Preparation.) 

Sabin's Industrial and Artistic Technology of Paints and Varnish. 8vo, 3 

Salkowski's Ph3rsiological and Pathological Chemistry. (Omdorff) 8vo, 2 

Schimpf's Essentials of Volumetric Analysis X2mo, i 

* Qualitative Chemical Analysis 8vo, i 

Text-book of Volumetric Analysis. Z2mo» 2 

Smith's Lecture Notes on Chemistry for Dental Students. 8vo, 2 

Spencer's Handbook for Cane Sugar Manufacturers. i6mo, mor. 2 

Handbook for Chemists of Beet-sugar Houses i6mo, mor. 3 

Stockbridge's Rocks and Soils 8vo, 2 

* Tillman's Descriptive General Chemistry. 8vo, 3 

* Elementary Lessons in Heat 8vo, i 

Treadwell's Qualitative Analysis. (Hall) 8vo, 3 

Quantitative Analysis. (Hall) 8vo, 4 

Turneaure and Russell's Public Water-supplies 8vo, s 00^ 

Van Deventer's Physical Chemistry for Beginners. (Boltwood) i2mo, i 50 ^ 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00 ^ 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. I Small 8to, 4 00 

Vol. II ...SmallSvo, 500 

Washington's Manual of the Chemical Analysis of Rocks 8vo» 2 00 

* Weaver's Military Explosives 8vo, 3 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, i 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students i2mo, i 50 

Text-book of Chemical Arithmetic i2mo, i 25 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wilson's Chlorination Process i2mo, i 50 

Cyanide Processes i2mo, i 50 

Winton's Microscopy of Vegetable Foods . .8vo, 7 50 

CIVIL ENGINEERING. 

BIUDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 
ING. RAILWAY ENGINEERING. 

Baker's Engineers* Surveying Instruments i2mo, 3 00 

Bixby's Graphical Computing Table Paper igj^ • 24!^ inches. 25 

Breed and Hosmer's Principles and Practice of Surveying. 2 Volumes. 

Vol. I. Elementary Surveying 8vo, 3 00 

Vol. II. Higher Surveying Gvo, 2 50 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 50 

Comstock's Field Astronomy f(5r Engineers 8vo, 2 50 

* Corthell's Allowable Pressures on Deep Foundations i2mo, i 25 

Crandall's Text-book on Geodesy and Least Squares .'Svo, 3 00 

Davis's Elevation and Stadia Tables 8vo, i 00 

Elliott's Engineering for Land Drainage i2mo, i 50 

Practical Farm Drainage X2mo, i 00 

*Fiebeger's Treatise on Civil Engineering 8vo, 5 00 

Flemer's Phototopographic Methods and Instruments 8vo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo» 3 00 

Freitap's Architectural Engineering 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 SO 

Goodhue's Municipal Improvements ^-jxasix 1 SO 

. Gore's Elements of Geodesy ^ \: ' ". xji.vw*vJ^' ' \^^ \''^* 

*Hauch^8 and Rice's Tables ot QuantUves lot Vi^Wmuv^rj ^^x>m^^ta . .^>a«H x ^^ 

D 



Bayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Bering's Ready Reference Tables. (Conversion Factors) x6mo, mor. 2 50 

Howe's Retaining Walls for Earth i2mo, i 25 

* Ives's Adjustments of the Engineer's Transit and Level i6mo, Eds. 25 

Ives and Hllts's Problems in Surveying i6mo, mor. i 50 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 4 00 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

Kinnicutt, Winslow and Pratt's Purification of Sewage. (In Preparation.) 
Laplace's Philosophical Essay on Probabilities. (Truscott and Emory) 

i2mo, 2 00 

Mahan's Descriptive Geometry Svo, i 50 

Treatise on Civil Engineering. (1873.) (Wood) 8vo, 5 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo» 2 50 

Merriman and Brooks's Handbook for Surveyors i6mo, mor. 2 00 

Nugent's Plane Surveying Svo, 3 50 

Ogden's Sewer Construction Svo, 3 00 

Sewer Design X2mo, 2 00 

Parsons's Disposal of Municipal Refuse Svo, 2 00 

Patton's Treatise on Civil Engineering Svo, half leather, 7 50 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's Sewage and the Bacterial Purification of Sewage Svo, 4 00 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele). . Svo, 3 00 ^ 

Siebert and Biggin's Modern Stone-cutting and Masonry Svo, i 50 

Smith's Manual of Topographical Drawing. (McMillan) Svo, 2 50 

Soper's Air and Ventilation of Subways Large i2mo, 2 50 

Tracy's Plane Surve3dng i6mo, mor. 3 00 

* Trautwine's Civil Engineer's Pocket-book i6mo, mor. 5 00 

Venable's Garbage Crematories in America Svo, 2 00 

Methods and Devices for Bacterial Treatment of Sewage Svo, 3 00 

Waifs Engineering and Architectural Jurisprudence Svo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and Archi- • 

tecture 8vo, 5 00 

Sheep, 5 50 

Warren's Stereotomy — Problems in Stone-cutting Svo, 2 50 

•Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers. 

2JX5J inches, mor. i 00 
Webb's Problems in the Use and Adjustment of Engineering Instruments. 

i6mo, mor. i 25 

Wilson's (H. N.) Topographic Surveying Svo, 3 50 

Wilson's (W. L.) Elements of Railroad Track and Construction i2mo, 2 00 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .Svo, 2 00 

Burr and Falk's Design and Construction of Metallic Bridges Svo, 5 00 

Influence Lines for Bridge and Roof Computations Svo, 3 00 

Du Bois's Mechanics of Engineering. Vol. II Sn:all 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges '. . . 4to, 5 00 

Fowler's Ordinary Foundations Svo, 3 50 

French and Ives's Stereotomy Svo, 2 50 

Greene's Arches in Wood, Iron, and Stone Svo, 2 50 

Bridee Trusses Svo, 2 50 

Roof Trusses 8vo, \ i.«» 

Grimm's Secondary Stresses in Bridge Trusses "^^o, •>. ^c» 

Heller's Stresses in Structures and the Accompanying Deiortaalxotv^ %,no, •>» w* 

ffowe's Design of Simple Roof-trusses in Wood and Steel ^^^^ **■ ^^ 

Symmetrical Masonry Arches %v<:>> ** "Sk** 

Treatise on Arches. ^^^^ ^ ^^ 



Johnion, Bryt i, and Turneaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, lo oo 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 2 50 

Part II. Graphic Statics. 8vo, 2 50 

Part III. Bridge Design 8vo, 2 50 

Part IV. Higher Structures 8vo, 2 50 

Morison's Memphis Bridge Oblong 4to, zo 00 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 2 00 

Waddell's De Pontibus, Pocket-book for Bridge Engineers i6mo, mor, a 00 

♦ Specifications for Steel Bridges X2mo, 50 

Waddell and Harrington's Bridge Engineering. (In Preparation.) 

Wright's Designing of Draw-spans. Two parts in one volume SvOf 3 50 

HYDRAULICS. 

Barnes's Ice Formation. 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine) 8vo, 2 00 

Bovey's Treatise on Hydraulics 8vo, 5 00 

Church's Diagrams of Mean Velocity of Water in Open Channeb. 

Oblong 4to, paper, z 50 

Hydraulic Motors 8vo, 2 00 

Mechanics of Engineering 8vo, 6 00 

CofHn's Graphical Solution of Hydraulic Problems i6mo, mor. 2 50 

Flather's Dynamometers, and the Measurement of Power .' i2mo, 3 00 

Folweirs Water-supply Engineering 8vo, 4 00 

Frizell's Water-power 8vo, 5 00 

Fuertes's Water and Public Health i2mo, i 50 

Water-filtration Works i2mo, 2 50 

Gatmuillct and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine) 8vo, 4 00 

Hnren's Clean Water and How to Get It Large i2mo, t 50 

Filtration of Public Water-supplies 8vo, 3 00 

Ha/lohurst's Towers and Tanks for Water-works 8vo, 2 50 

Horsohcrs 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits. 8vo, 2 00 

Hovt and Grover's River Discharge 8vo, 2 00 

Hubbatd and Kiersted's Water-works Management and Maintenance 8vo, 4 co 

♦ Lyndon's Development and Electrical Distribution of Water Power. . . .8yo, 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint) 

8vo, 4 00 

Merriman's Treatise on Hydraulics 8vo, 5 00 

♦ Michic's Elements of Analytical Mechanics 8vo, 4 00 

♦ Molitor's Hvdraulics of Rivers. Weirs and Sluices 8vo, 2 00 

Richards's Laboratory Notes on Industrial Water Analysis. (In Press>. 
Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 00 

♦ Thoma-? and Watt's Improvement of Rivers 4to, 6 00 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

WcKTiann's Design and Construction of Dams. 5th Ed., enlarged 4to, 6 00 

Water-supply of the Citv of New York from 1658 to 1895 4to, 10 00 

Whipple's Value of Pure Water Large z2mo, i 00 

Williams And Hazen's Hydraulic TaY)\es 8vo, i 50 

Wilson's Irrigtktion Engineering .%«MC^%wi^ ^ v^ 

ITo/fl^s Windmin V a Prime Mover. *%l^xl«. 



MATERIALS OF ENGINEERING. 



Baker's Roads and Pavements 8vo, 5 00 

Treatise on Masonry Construction 8vo, 5 00 

Birkmire'» Architectural Iron and Steel 8vo, 3 50 

Compound Riveted Girders as Applied in Buildings Svo, 2 00 

Black's United States Public Works Oblong 4t6, 5 00 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

*Bove3r's Strength of Materials and Theory of Structures Svo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 7 50 

Byrne's Highway Construction Svo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo, 3 00 

Church's Mechanics of Engineering Svo, 6 00 

Da Bois's Mechanics of Engineering. 

VoL I. Kinematics, Statics, Kinetics Small 4to, 7 50 

VoL n. The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures. Small 4to, zo 00 

^Eckel's Cements, Limes, and Plasters Svo, 6 00 

Stone and Clay Products used in Engineering. (In Preparation.) 

Fowler's Ordinary Foundations Svo, 3 50 

Graves's Forest Mensuration Svo, 4 00 

Green's Principles of American Forestry i2mo, x 50 

* Greene's Structural Mechanics Svo, 2 50 

Holly and Ladd's Analysis of Mixed Paints, Color Pigments and Varnishes 

Large i2mo, 2 50 
Johnson's (C. M.) Chemical Analysis of Special Steels. (In Preparation.) 

Johnson's (J. B.) Materials of Construction Large Svo, 6 00 

Keep's Cast Iron Svo, 2 50 

Kidder's Architects and Builders' Pocket-book i6mo, 5 00 

Lanza's Applied Mechanics Svo, 7 50 

Maire's Modern Pigments and their Vehicles i2mo, 2 00 

Martens's Handbook on Testing Materials. (Henning) 2 vols Svo, 7 50 

Maurer's Technical Mechanics Svo, 4 00 

Merrill's Stones for Building and Decoration , Svo, 5 00 

Merriman's Mechanics of Materials Svo, 5 00 

* Strength of Materials i2mo, x 00 

MetcalTs Steel. A Manual for Steel-users X2mo, 2 00 

Morrison's Highway Engineering Svo, 2 50 

Patton's Practical Treatise on Foundations Svo, 5 00 

Rice's Concrete Block Manufacture Svo, 2 Oq 

Richardson's; Modern Asphalt Pavements Svo, 3 00 

Richey's Handbook for Superintendents of Construction x6mo, mor. 4 00 

* Ries's Clays : Their Occurrence, Properties, and Uses Svo, 5 00 

Sabin's Industrial and Artistic Technology of Paints acd Varnish Svo, 3 00 

♦Schwarz'sLonffleafPine in Virgin Forest ramo, i 25 

Snow's Principal Species of Wood 8vo, 3 50 

Spalding's Hydraulic Cement "mo, 2 00 

Text-book on Roads and Pavements "mo, 2 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced Svo, s 00 

Thurston's Materials of Engineering. In Three Parts Svo. S 00 

Part I. Non-metaUic Materials of Engineering and Metallurgy Svo, 2 00 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other AUojrs and their 

Constituents S^o» ^ 50 

TWson*s Street Pavements and Paving Materials ft^Q> «. <^^ 

Tumeaure and Maurer's Principles of Reinforced Conwe^fc CoTiS.\x\w:i^att.. . 'is^, ^ ^^ 
WMterbury's CemcDt Laboratory Mantial t-tcsvo, t. «^ 



Wood's (De V.) Treatise on the Resistance of Materials^ and an Appendix on 

the Preservation of Timber 8vo, 3 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8to, 4 00 

RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3x5 inches, mor. x 25 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brooks's Handbook of Street Railroad Location. i6mo, mor. z 50 

Butt's Civil Engineer's Field-book i6mo, mor. a 50 

Crandall's Railway and Other Earthwork Tables. 8yo, i 50 

Transition Curve i6mo, mor. x 50 

* Crockett's Methods for Earthwork Computations 8vo, x 50 

Dawson's "Engineering" and Electric Traction Pocket-book x6mo, mor. 5 00 

Dredge's History of the Pennsylvania Railroad: (1879) Paper, 5 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . . x6mo, mor. 2 50 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, I 00 

Ives and Hilts'o Problems in Surveying, Railroad Survejring and Geodesy 

x6mo, mor. i 50 

Molitor and Beard's Manual for Resident Engineers. x6mo, z 00 

Nsgle's Field Manual for Railroad Engineers. z6mo, mor. 3 00 

Philbrick's Field Manual for Engineers z6mo, mor. 3 00 

Raymond's Railroad Engineering. 3 volumes. 

VoL I. Railroad Field Geometry. (In Preparation.) 

VoL II. Elements of Railroad Engineering 8vo, 3 so*. 

Vol. III. Raikoad Engineer's Field Book. (In Preparation.) 

Searles's Field Engineering i6mo, mor. 3 00 

Raih-oad Spiral i6mo, mor. i 50 

Taylor's Prismoidal Formulfle and Earthwork 8vo, i 50 

♦Trautwine's Field Practice of Laying Out Circular Curves for Railroads. 

1 2 mo. mor. 2 50 

* Method of Calculating the Cubic Contents of Excavations and Embank- 

ments by the Aid of Diagrams Svo, 2 00 

Webb's Economics of Railroad Construction Large i2mo, 2 50 

Railroad Construction i6mo, mor. 5 00 

Wellington's Economic Theory of the Location of Railways Small Svo, 5 00 

DRAWING. 

Barr's Kinematics of Machinery Svo, 2 50 

♦ Bartlett's Mechanical Drawing Svo, 3 00 

♦ •• " *' Abridged Ed Svo, 150 

Coolidge's Manual of Drawing Svo. paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 50 

Durley's Kinematics of Machines Svo, 4 00 

Emch's Introduction to Projective Geometry and its Applications. Svo, 2 50 

Hill's Text-book on Shades and Shadows, and Perspective Svo, 2 00 

Jamison's Advanced Mechanical Drawing Svo, 2 00 

Elements of Mechanical Drawing Svo, 2 50 

Jones's Machine Design: 

Part I. Kinematics of Machinery Svo, x 50 

Part II. Form, Strength, and PropoTXAons ot Parts Svo, 3 00 

MacCord*s Elements of Descriptive Geometry A-^^^ i 00 

Kinematicsi or. Practical Mechamsm, A"^* ^^^ 

JIfeciiAiiJcal Drawing ' " %^ \ tl 

Velocity Diaframs. * 



HcLeod's Descriptive Geometry. Large i2mo, z 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, z 50 

Industrial Drawing. (Thompson) 8vo, 3 50 

Moyer's Descriptive Geometry 8vo, 2 00 

Reed's Topographical Drawing and Sketching '. .4to, 5 00 

Reid's Course in Mechanical Drawing 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Robinson's Principles of Mechanism 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan) 8vo, 2 50 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, z 25 

Warren's Drafting Instruments and Operations z2mo, z 25 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50 

Elements of Machine Construction and Drawing 8vo, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing z2mo, z 00 

General Problems of Shades and Shadows 8vo, 3 00 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow z2mo, z 00 

Manual of Elementary Projection Drawing z2mo, z 50 

Plane Problems in Elementary Geometry i2mo, z 25 

Problems, Theorems, and Examples in Descriptive Geometry 8vo, 2 50 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein) 8vo, 5 00 

Wilson's (H. M.) Topographic Surveying 8vo, 3 50 

Wilson's (V. T.) Free-hand Lettering 8vo, z 00 

Free-hand Perspective 8vo, 2 50 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende) z2mo, z 25 

Andrews's Hand-Book for Street Railway Engineering 3X5 inches, mor. z 25 

Anthony and Brackett's Text-book of Physics. (Magie).. ..... .Large i2mo, 3 00 

Anthony's Theory of Electrical Measurements. (Ball) z2mo, z 00 

Benjamin's History of Electricity 8vo, 3 00 

Voltaic Cell. 8vo, 3 00 

Betts's Lead Refining and Electrolysis 8vo, 4 00 

Classen's Quantitative Chemical Analysis by Electrol3rsis. (Boltwood). .8vo, 3 00 

* CoUins's Manual of Wireless Telegraphy z2mo, z 50 

Mor. 2 00 

Crehore and Squier's Polarizing Photo- chronograph 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam) z2mo, z 25 

Dawson's "Engineering" and Electric Traction Pocket-book .... z6mo, mor. 5 00 

Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende) 

z2mo, 2 50 

Duhem's Thermodynamics and Chemistry. (Burgess) 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power Z2mo, 3 00 

Gilbert's De Magnete. (Mottelay ) 8vo, 2 so 

* Hanchett's Alternating Currents Z2mo, i 00 

Hering's Ready Reference Tables (Conversion Factors) z6mo, mor. 2 50 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 6 00 

Holman's Precision of Measurements 8vo, 2 00 

Telescopic Mirror-scale Method, Adjustments, and Tests. .. .Large 8vc, 75 

* Karapetoff's Experimental Electrical Engineering 8vo, 6 00 

Kinzhrunner's Testing of Continuous-current Macbltifta '^"^^^ "*• ^=^ 

Landauer'8 Spectrum Analysis. (Tingle) •^'^^^ "^ ^^ 

Le ChateJier's Hi>h-temperature Measurements. (BoMdouax^— BMX^^«e^)..^•»^^^^ "^^ ^ 

L^ib's Ehctrocbemistry of Organic Compounds. (LiOtenx). • • • • ^,4* "^ ^ 

* Lyndon's Development and Electrical Distribution ot ^atet ^ o^«t 



* Lyons's Treatise on Electronuigneuc Phenomena. Vois. L and IL 8vo, each. 6 oo 

* Michie's Elements of Wave Motion Relating to Sound and LighL 8vo, 4 00 

Ifofgan's Outline <rf the Theory of Solution and its Results lamo, i 00 

* Physical Chemistry for Electrical Engineers xamo, i 50 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback) lamo, a 50 

* Honis's Introdaction to the Stady of Electrical Engineering 8vo, a 50 

* Parshall and Hobart's Electric Machine Design 4to, half mor. za 50 

Reagan's Locomotives: Simple, Compound, and Electric. Rew Edition. 

Large lamo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner). .. .8vo, a co 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL 1 8vo» a 50 

S^happer's Laboratory Guide for Students in Physical Chemistry lamo, i 00 

* Tillman's Elementary Lessons in Heat 8vo. i 50 

Tory and Pitcher's Manual of Laboratory Phjrsics. Large zamo, a co 

Ulke's Modem Electrol]rtic Copper Refining 8vOr 3 00 

LAW. 

Brennan's Handbook: A Compendium of Useful Legal Information for 

Business Men x6mo, mor. 5 . 00 

* Davis's Elementit or Law Svo, a 50 

* Treatise on the Military Law of United States. 8vo, 7 00 

* Sheep, 7 50 

* Dudley's Military Law and the Procedure of Courts-martial . . . .Large lamo, 2 50 

Manual for Courts-martial i6mo, mor. i 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo 5 00 

Sheep, 5 50 
MATHEMATICS. 

';.u'i-; • . Klliptic Functions 8vo, 1 50 

■ .1, ' 21ements of Plane Analytic Geometry. (Bdcher) lamo, i 00 

* ' ■ f m's Plane and Spherical Trigonometry 8vo, i 00 

:* . r* ,.• Harmonic Functions 8vo, 1 00 

'Mr 'lift- 's Elements of the Infinitesimal Calculus zamo, 2 00 

*( rti r* Vector Analysis. (In Press.) 

('-' n( I's Manual of Logarithmic Computations zamo, z 50 

* ;■'.« it »n*s College Algebra Large Z2mo, i 50 

'' ..I •production to the Theory of Algebraic Equations Large zamo, i 25 

Fnif-h^ Introduction to Projective Geometry and its Applications 8vo, 2 50 

Fif ;•■•- P'unctio is of a Complex Variable 8vo, z 00 

Halite I's Elementary Synthetic Geometry ^. . . .8vo, z 50 

F*"ments of Geometry 8vo, z 75 

1^ lldtional Geometry Z2mo, z 50 

jovde's Grassmann's Space Analysis 8vo, z 00 

■' .s>nn ion's (.J B,) Three-place Logarithmic Tables: Vest-pocket size, paper, zs 

^^ zoo copies, 5 00 

< ' Mounted on heavy cardboard, 8 X zo inches. 25 

zo copies, a 00 

Johnson's (W. W.) Abridged Fditions of Differential and Integral Calculus 

Large zamo, i vot a 50 

Curve Jracing in Cartesian Co-ordinates zamo, z 00 

Differential Equations 8vo. i 00 

Elementary Treatise on Differential Calculus Large zamo, z 50 

Elementary Treatise on the IntegraX Ca\cM\\xs Las^e lamo. i fio 

* Theoretical Mechanics i-Maxk^ -^ ^ 

Theory of Brrora and the Method ol l-cas\ ^^uatt% \iwtf^ -t ^ 

Tremtise on Differential Calculus ^^^'^ ^^""*^ ^ '^ 
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Johnson's Treatise on the Inteeral Calcoltis. Large iamo> 3 00 

Treatise on Ordinary and Partial Differential Equations.. Large x2mo, 3 50 
Karapeto£rs Engineering Applications of Higher Mathematics. (In Pre- 
paration.) 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory). .i2mo, 2 00 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 2 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, i 00 

Macfarlane's Vector Analysis and Quaternions 8vo, x 00 

HcMahon'S Hyperbolic Functions Svo, x od 

Manning's Irrational !V umbers and their Representation by Sequences and 

Series i2mo, x 25 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each i 00 

No. X. History of Modern Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. I^o. o> Harmonic Func- 
tions, by William £. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. xx. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares. 8vo, 2 00 

Solution of Equations r • • • 8vo, x 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12 mo, x 50 

Elementary Treatise on the Differential Calculus Large x2mo, 3 00 

Smith's History of Modern Mathematics 8vo, i 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Waterbury's Vest Pocket Hand-Book of Mathematics for Engineers. 

2iX5f inches, mor. i 00 

Weld's Determinations 8vo, i co 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability aid Theory of Errors 8vo, i 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice I2m0t i 50 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Bair's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo, 150 

Benjamin's Wrinkles and Recipes i2mo, 2 00 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 50 

Carpenter's Experimental Engineering 8vo, 6 00 

Heating and Ventilating Buildings Svo, 4 00 

Clerk's Gas and Oil Engine Large i2mo, 4 00 

Compton's First Lessons in Metal Working i2mo, i 50 

Compton and De Groodt's Speed Lathe -vrsw^ ^ ^. ^^ 

Coolidge*s Manual of Drawing .^no,-^«.^«x, -l ^^ 

CooUdge and Freeman's Elements of General "Draitinit lot "ttftt\va.mt«\ 'E.^- 

gineers Qk\>\otMi. aNo, -a. V^ 

•10 




Cromwell's Tmtiw on Bells and PbOcts xzmo, x 50 

Tratttias on Tootbtd Gearinc. xaino, x 50 

Dorkf's Kinematics of Hffsrhinm Sro, 4 00 

FIntiier's Djnmmomrtexs and die Measurem ent of Power xamo, 3 00 

Rope Driving. x2nio, 3 <K^ 

GilTs Gas and Fuel Analysis fcM* Enginora . lamo, x 2S 

Goss s I. 'comotive Sparks 8to, 3 

Greene's Pnmping Machinery. <,In Preparation.') 

Bering's Ready Keference Tables ^ConTersion Factors > x6mo, mor. 2 5 

*«Hobart and Ellis's High Speed Dynamo Electric Machinery Sro, 6 

Hatioa's Gas Engine. 8vo, 5 

Jsmisoa's Advacceil Mechanical Drawinc. 8vo, 2 

Elements of Mechanical Drawing 8vo, 3 

Jones's Ga^ Engine dn Press.) 
Machine Design: 

Part L Kinematics of Machinery. 8to, i s 

Part XL Form, Strength, and Proportions of Parts 8to, 3 

Kent's Mechanical Engineers* Pocket-book. i6mo, mor. 5 00 '' 

Kerr's Power and Power Transmisbion. 8vo, 2 00 -^ 

Leonani's Machine Shop Tools and Methods 8to, 4 00 

* Loren^'s Modem Refrigerating Machinery. (Pope, Haven, and Dean) . . . 8vo, 4 00 
MacConl's Kinematics ; or. Practical Mechanism. 8vo, 5 oe 

Mechanical Drawing. 4to, 4 00 

Velocity Diagrams. 8to, x 50 

Mac Fir land's Standard Reduction Factors for Gases. 8vo, i 50 

Mahan's Industrial Drawing. (Thompson) 8vo, 3 50 

Oberg's Screw Thread Systems, Taps, Dies, Cotters, and Reamers. (In 
Press. 

* Parshdill Atid Hobart's Electric Machine Design Small 4to, half leather, 12 50 

Peele's c\>mpressed Air Plant for Mines 8vo, 3 00 

IN'ole't C^Iontic Power of Fuels 8vo, 3 00 

♦ roitrj'>i FiAjjineonng Reminiscences, 1855 to 1882 8yo, 3 00 

Ki»ia*< CoiK'w* i". Mechanical Drawing 8vo, 2 00 

Toxt-Nv^k v>f Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Ruhrtt»l'>i C»vnprcsse»i Air lamo, z 50 

K.»bu'.<«'n'< rnr.ciples of Mechanism 8vo, 3 00 

Shwjuub A'M MernlKs Elements of Mechanism 8vo, 3 00 

Sntitt^'-i O rvo"«s workmii of Metals 8vo, 3 00 

Sn^itli \ W A-.ul M.irx*s Machine Design Svo, 3 00 

S^ri 'I OArbuirt'.nt.mii Combustion in Alcohol Engines. (Woodward and Preston). 

Large i^mo, 3 00 

riiur-t.MT-s \n\mal AS A Machine and Prime Motor, and the Laws of Energetics. 

i2mo, I 00 

Trpflti^f on Fnction ami Lost Work in Machinery and Mill Work... 8yo, 3 00 

TilU.M^'s Tontplotp Automobile Instructor i6mo, i 50 

mor. 2 00 

r;t:xT.'.t!rc Fl*'mrMt'« of Mechanical Drawing Oblong Svo, i 25 

\v n' *"'•-- ripmi'tU': .^f Machine Construction and Drawing 8vo, 7 5© 

♦ W ,t,»r»M,tv-. \>-.t l-ocUet Han*i Book of Mathematics for Engineers. 

sJ^XsHnches, mor. 100 
\Wi«:'^.''*=: Ki«^«»ni.itic's an.l the Power of Transmission. (Herrmann — 

Ki*»in^ • 8vo, 500 

Mi'h'"**vv .'f rran<mi««on and Governors. (Herrmann — Klein).. .8vo, 5 <>• 

W.>o,r*» Vnrbin««». . *^o» * 5© 

M/VTER1\LS OF ENGINEERING 

A?r/rr '« FM ot.ritr nnd Resistance ot iVve Mal«va\a oi ».t^ vu^ ,%,;, W. 

f,7if/rr/]> IHpchfinics of EnKin<«'^tn« ^.^^ .^ ^ 

* Greene'n Structural Mechamce ^ 
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HolUy and Ladd'i Analyilt of Mlisd PiiInU, Color PIgmsnU, and VarnUbas. 

Large is mo, 

Johnson*! Vyaterialii of Construction Bvo, 

Xfesp's Cast iron Bvo, 

Lanza's Applied Mechanics 8vo, 

Maire's Muiiirn Pitfiuents ani their Vehicles isoio, 

Marteas's Haiidbooli on Tealing Materials. (Henning) Svo, 

Maurer's Technical Mechaiiicd Bvo, 

Merriman'H MeclianicH uf Materials Bvo, 

^ Strength of Materialu lamo, 

Metcaif a Steel. A Maiiuul fur Steel-uders ismo, 

fiahiii'b Iiulustrial and Artiutir Technology of Paints and Varnish Kvo, 

fiinith'b Materialb of Machines ismo, 

Ihurutou's Materials of Kngiiieering 3 vols., Hvo, 

I'url I. Noii-niettillic Materials of Knglrieering and Metallurgy. . .Bvo, 

Part II. Iron and Steel Bvo, 

Part III. A 1 reatise on Ilrasses, Ilronzes, and Other Alloys and their 

Constituents Bvo, 

Wood's ' !)e V. ) Klements of Analytfcal Mechanics Bvo, 

Treatise on the Uesistance of MaterUls and an Appendix on the 

Preservation of 'limber Hvo, a oo 

Wood's (M. P.) Hustless Coatings > Corrosion and Electrolysis of Iron and 

Steel Bvo, 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram lamo, i ag 

Carnot's HetlectiiiHb on the Mutive Power of Heat. (Thurston) lamo, i 50 

Chase's Art of Pattorn MaUini^. ... linio, 2 50 

Creigliton's Stcdiii i:ii^iitu dii i utiici ili-ii inDtoi.i hvu, 5 im 

Dawson's "Engineering" ami Eleitric traction Pocket-hooli i6mo, mor. 5 00 

Ford's Uoiler Making tur liuiier Makerb iHnio, i 00 

^Gebhardt's Steam Power Plant Engineering Hvo, t 00 

Oobb'b Locomotive I'eitid mam e Hvo, 5 00 

Hemenwav'b Imlif-rttm I'ratiite ami Steam engine Economy limo, a ou 

fiutton's Heal ami Heat engines Hvo, 5 00 

Mechaniial I'liMinetiiiifi of Power Piantb Hvo, 5 ou 

Kent'b Steam boilci Is miomy. . Hvo, 4 ou 

Kneab.t'b I'rai.ti. e anil 1 lit-m y of the Iniector Hvo, i (jU 

MarCord'b Siiilu vdKt.n. . Hvo, a 00 

Meyer'b Modern Im ••motive foiibtrm tion 4to, 10 ou 

Moyer'b Stediii iiutihiia .h. I'ii.>r«.) 

Peabody'b Mannul nt tin: ^^icdm en^'ine Inilii:atoi. . lani:) 1 gjo 

'lablfcb of lltt: l'i)iiit:i(it:o of hatuiated Steam and Otiiei Vaporb . . . Hvo, i 00 

1 herniiiilyiidinii o of tlu: r^ttiani enyine aiul Other lleat-enyines Hvo, s 00 

Valve gedib toi '^(cani cn^iines. Hvo, a 50 

Peabody a il Millii'a ')ii.<tio l.oi.t,iB ... .... Kvo, 4 oo 

Pray'b Iweuly Vrdi.-^ \si(li (In: Imlhdior. . . Idltiie Kvo, i ^o 
Pupiii'b 1 lii.i oM'il V ixiniii .■> •it Ki.^ cibihlu ( yi U:t> in (idbe& and SaturaliMl Vdimib. 

I Octli.l li(,l,: t . . .1 iino, I ijl 

Ueagau'a 1 ••• •noniivi.a: '^implr-, ('ompMnntl, anil I' lei Hit. New I'diinm 

Idiife I turn. 

Sinclair.*) 1 •'• ••iu.>li> t: I' iiidne Hunhiiiti dnil Mdourenient 1 inwi, 

Smart 'b lld^^iliMoiii i.r i- mniiteiini^ I dboidtory Prat tii e 1 inm, 

Show'd Stedm liiiiki I'idi lit e. . . Kvo, 

Spauflt^r'a Ni>tc:.-^ oil I ht-rniinlyhaniit b V4\\\\\^ 

Vnlve HCfiia . ... ... >\\\\. 

SpMngltsr, (itbct:, diiit Mdibijdll's Elementb i»f viteaiu-euftXUttenw^ Vk\jv\^ ik v\si 

Tbomab':, hitdiii turhinub >^>»v\^ \ vkO 
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Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake £vo, 5 ot> 

Handy Tables 8vo, 1 50 

Manual of Steam-boilers, their esigns. Construction, and Operation..8vo, 5 00 

Thurston's Manual of the Steam-engine. 2 vols., 8vo, xo 00 

Part I. History, Structure, and Theory 8v^, 6 00 

Part U. Design, Construction, and Operation 8vo, 6 00 

Steam-boiler Explosions in Theory and in Pracace X2mo, i 50 

Wehrenfenning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo, 4 00 

Weisbach's Heat, Steam, and Steam-engiues. (Du Bois) 8vo, 5 00 

Whitham's Steam-engine Design 8vo, 5 00 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00 

MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering 8vo, 6 00 

Notes and Examples in Mechanics 8vo, 2 00 

Dana's Text-book of Elementary Mechanics for Colleges and Schools. .lamo, x 50 
Du Bois's Elementary Principles of Mechanics : 

VoL I. Kinematics 8vo, 3 50 

VoL II. Statics 8vo, 4 00 

Mechanics of Engineering. VoL I Small 4to, 7 50 

VoL II. Small 4to, 10 00 

* Greene's Structural Mechanics 8vo, 2 50 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large i2mo, 2 00 

* Johnson's (W. W.) Theoretical Mechanics X2mo, 3 00 

Lanza's Applied Mechanics 8vo, 7 50 

* Martin's Text Book on Mechanics, VoL I, Statics i2mo, x 25 

* Vol. 2, Kinematics and Kinetics . .X2mo, 1 50 
Maurer's Technical Mechanics 8vo, 4 00 

* Merriman's Elements of Mechanics i2mo, i 00 

Mechanics of Materials 8vo, 5 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

Robinson's Principles of Mechanism 8vo, 3 00 

Sanborn's Mechanics Problems Large X2mo, i 50 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Wood's Elements of Analytical Mechanics 8vo, 3 00 

Principles of Elementary Mechanics i2mo, z 35 

me: ICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and Defren) 

8vo, 5 00 

von Behring's Suppression of Tuberculosis. (Bolduan) i2mo, i 00 

* Bolduan's Immune Sera x2mo, i 50 

Bordefs Contribution to Immunity. (Gay). (In Preparation.) 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions i6mo, mor. i 50 

Ehrlich's Collected Studies on Immunity. (Bolduan) 8vo, 6 00 

* Fischer's Physiology of Alimentation Large T2mo, cloth, 2 00 

de Fursac's Manual of Psychiatry. (Rosanoff and CollinsV... Large i2mo. 2 50 

Hammarsten's Text-book on Physiological Chemistry. (Mandela 8vo, 4 00 

ckson's Directions for Laboratory Work in Physiological Chemistry. ..8vo, i 25 

v-Cohn's Practical Urinary Analysis. (Lorenz") i2mo, i 00 

Ts Hand Book for the Bi -Chemical Laboratory- ... i2mo, i 50 

Physical Chemistry in the Service of Medicine. (Fischer) i2mo, x 25 

"ioVs Toxins and Venoms and tW\t kn\.\\i0^vt%. VCohn) 1 2mo, i 00 

Hrum Diagnosis. (Bolduan^ ^-».m^. ^ wi 

IncompatibiUties in Presctlptiotis V.V.V.'^mi.\'^ 

In Pharmacy 



Salkowski's Physiological and Pathological Chemistry. (Omdorff) 8vo, 2 50 

■^' Satterlee's Outlines of Human Embryology i2mo, i 25 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

Steel's Treatise on the Diseases of the Dog 8vo, 3 50 

*** Whipple's Typhoid Fever Large X2mo, 3 00 

AA'^oodhuH's Notes on Military Hygiene i6mo, i 50 

'^ Personal Hysrtene i?rao, i 00 

^Worcester and At:{inson's Small Hospitals Establishment and Maintenance, 
and S ggestions for Hospital ^chitecture, with Plans for a Small 

Hospital i2mo, 1 25 . 

METALLURGY, 

etts's Lead Refining by Electrolysis 8vo, 4 00 

olland's Encyclopedia of Founding and Dictionary of Foundry Terms Used 

in the Practice of Moulding i2mo, 3 00 

Iron Founder i2mo, 2 50 

" *' Supplement i2mo, 2 50 

XDouglas's Untechnical Addresses on Technical Subjects i2mo, i oa 

CSoesel's Minerals and Metals : A Reference Book x6mo, mor. 3 oa 

*•* Iles's Lead-smelting x2mo, 2 50 

Keep's Cast Iron 8vo, 2 5a 

X^eChatelier's High-temperature Measurements. (Boudouard — ^Burgess) i2mo, 3 00 

IbSetcalfs Steel. A Manual for Steel-users X2mo, 2 00 

miller's Cyanide Process x2ipo, x 00 

IMlinet's Production of Aluminium and its Indtistrial Use. (Waldo) . . .i2mo, 2 50 

X^obine and Lenglen's Cyanide Industry. (Le Clerc) 8vo» 4 00 

Ruer's Elements of Metallography. (Mathewson) (In Press.) 

Smith's Materials of Machines i2mo, i 00 

Tate and Stone's Foundry Practice. (In Press.) 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part I. Non-metallic Materials of Engineering and Metallurgy. . .8vo, 2 oa 

Part II. Iron and Steel 8vo, 3 5a 

Part III. A Treatise on Iresses, Bronzes, and Other Alloys and their 

Corstituents 8vo, 2 50 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 oa 

West's American Foundry Practice X2mo, 2 50 

Moulder's Text Book i2mo, 2 50 

Wilson's Chlorination Process i2mo, i 50 

Cyanide Processes i2mo, x 50 

MINERALOGY. 

Barringer's Descripti'^n of Minerals of Commercial Value Oblong, mor. 2 50 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

Boyd's Map of Southwest Virginia Pocket-book form. 2 00 

* Browninjf's Imroduction to the Rarer Elements 8vo, x 50 

Brush's Manual of Determinative Mineralogy. (Penfield) ,. Svo, 4 00 

Butler's Pocket Hand-Book of Minerals i6mo, mor. 3 00 

Chester's Catalogue of Minerals Svo, paper, i 00 

Cloth, I 25 

* Crane's Gold and Silver Svo, 5 00 

Dana's First Appendix to Dana's New " System of Mineralogy..". .Large Svo, i 00 

Mannal of Mineralogy and Petrography i^mo 2 00 

Minerals and How to Study Them i2mo, i 50 

System of Mineralogy Large Svo, half leather, ix <><i 

Tpx*-hook of Mineralogy .%^ci, ^ w* 

Douglas's Untechnical Addresses on Technical Subjects -^i-tsvo, x « 

Eakle's Mineral Tables ; "^^^^ ^ 

Stone and Clay Products Used in Bngineeiing . C^^ ^ T«^a.T«.\.\ovx.^ 



Egleston's Catalogue of Minerals and Synonyms 8vo, a ^ 

Goesars Minerals and Metals : A Reference Book .x6nio,mor. 300 

Oroth's Introduction to Chemical Crystallography (Marshall) 12 mo, z 25 

* Iddingrs's Rock Mmerals . 8vo, 5 00 

Johannsen's Detennination of Rock-forming Minerals in Thin Sections . . ; . .8vo, 4 00 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe. i2mo, 60 
Merriirs Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Stones for Building and Decoration 8vo, 5 00 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 

Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo. i 00 

* Pirsson's Rocks and Rock Minerals lamo, 2 50 

* Richards's Synopsis of Mineral Characters i2mo. mor. r 25 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks 8vo, a 00 

MINING. 

* Beard's Mine Gases and Explosions Large i2mo, 

Boyd's Map of Southwest Viiginia Pocket-book form 

Resources of Southwest Virginia 8vo, 

* Crane's Gold and Silver 8vo, 

Douglas's Untechnical Addresses on Technical Subjects i2mo. 

Eissler's Modern Hi^jh Explosives. 8vo, 

Goesel's Minerals and Metals : A Reference Book i6mo, mor. 

I Iseng's Manual of Mining 8vo, 

* Iles's Lead-smeltin? i2mo. 

Miller's Cyanide Process i2mo, 

O'DriscoH's Notes on the Treatment of Gold Ores 8vo, 

Peele's Compressed Air Plant for Mines 8vo, 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele) . . .8vo, 
Robine and Lenplen's Cyanide Industry. (Le Clerc) 8vo, 

* Weaver's MiTtary Explosives 8vo, 

Wilson's Chiorination Process limo. 

Cyanide Processes i2mo, 

Hydraulic and Placer Mming. 2i edition, rewritten i2mo, 

Treatise on Practical and Theoretical Mine Ventilation T2mo, 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford Meeting, 

1906 8vo, 3 00 

Jamestown Meeting, 1907 8vo, 3 00 

* Bashore's Outlines of Practical Sanitation i2mo, i 25 

Sanitation of a Country House i2mo, i 00 

Sanitation of Recreation Camps and Parks i2mo, i 00 

Folwell's Sewerage. (Designing, Construction, and Maintenance) 8vo, 3 00 

Water-supply Eniiineering 8vo, 4 00 

Fowler's Sewaje Works Analyses l2mo, 2 00 

Fuertes's Water-filtration Works i2mo, 2 50 

Water and Public Health i2mo, i 50 

Gerhard's Guide to Sanitary House-inspection i6mo, i 00 

* Modern Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings i2mo, i 50 

BMzen's Clean Water and How to Get It. Large i2mo, i 50 

Filtration of Public Water-suppWes 8vo, 3 00 

iDicut, Winsiow and Pratt's Purification ot Se^a^e. ^ti^^a-v^ 

cb's Inspection and Analysis of ¥ood ml\v S^ec\^\ ^^^^^■^c^ N^^^^^ 

Control * * 
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Mason's Examination of Water. (Chemical and Bacteriological) X2mo, 

Water-supply. (Considered Principally from a Sanitary Standpoint) . . 8vo, 

* Merrimain's Elements ot Saauary lingineerinc Svo* 

Ogden's Sewei Design. .- i2mo. 

Parsons's Disposal of Monicipal Refuse. 8vo, 

Prescott and Winslow's Elements oi >Vatei Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis- lamo, 

* Price's Handbook on Sanitation i2mo, 

Richards's Cost of Cleanness. A Twentieth Century Problem i2mo, 

Cost of Food. A Study in Dietan<»s i2mo. 

Cost of Living as Modified by Sanitary Science i2mo. 

Cost of Shelter. A Study in Economics T2mo, 

* Richards and Williams's Dietary Computer 8vo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 

Rideal's Disinfection and the Preservation of Food 8vo, 

Sewage and Bacterial Purificatfon of Sewage 8vo, 

Soper's Air and Ventilation of Subways Large i2mo, 

Turneaure and Russell's Public Watcr-s'mplics. 8vo, 

Venable's Garbage Crematories in America 8vo, 

Method and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology i2mo, 

Whipple's Microscopy of Drinking-water 8vo, 

* Typhod Fever Large i2mo, 

Value of Pure Water Large i2mo, 

Winslow's Bacterial Classification i2mo, 

Winton's Microscopy of Vegetable Foods 8vO, 

MISCELLANEOUS, 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, i 50 

Ferrel's Popular Treatise on the Winds 8vo, 4 00 

Fitzgerald's Boston Machinist iSmo, i 00 

Gannett's Statistical Abstract of the World 24mo, 75 

Haines's American Railway Management i2mo, 2 50 

* Hanusek's The Microscopy of Technical Products. (Winton) 8vo. 5 00 

Owen's The Dyeing and Cleaning of Textile Fabrics. (Standage). (In Press.) 
Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12 mo, 3 00 

Rotherham's Emphasized New Testament c Large 8vo, 2 00 

Standage's Decoration of Wood, Glass, Metal, ets i2mo, 2 00 

Thome's Structural and Physiological Botany. (Bennett) i6mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider) 8vo, 2 00 

Winslow's Elements of Applied Microscopy i2mo, i 50 



HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar i2mo, r 2s 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles) Small 4to- half moc. 5 00 

19 



T" 





35 




00 




00 




00 




00 




50 




50 




00 




00 




00 




00 




50 




00 




00 




00 




50 


5 


00 


2 


00 


3 


00 


2 


50 


3 


5^ 


3 


00 


I 


00 


2 


50 


7 


50 



